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1.WSTEP

Stopa plasko-koslawa jest czestym problemem dla ortopedow [1/1-22; 11/1-22;
I11/1-22,25,26]. Mozna wyréznic postac bezobjawowa, ktora wystepuje najczesciej
oraz objawowaq. W zaleznosci od ocenianej populacji szacunkowa czestosc
wystepowania stopy ptasko-koslawej waha sie od 2,7% do 59% [1/1,5,6,14,15].
Przypadki bezobjawowe nie sa wskazaniem do leczenia [11/1,2,5-
10,12,13,16,18,19,20,22]. Postaci objawowej najczesciej towarzyszy bol w okolicy
zatoki stepu i przysrodkowej czes¢ stopy, bole podudzia i stawu kolanowego,
utykanie lub inne zaburzenia chodu, ograniczona wydolnos¢ wysitkowa, co moze
wigzac sie z problemami w codziennym uzytkowaniu obuwia oraz w zajeciach
sportowych [1/1,2,5-7,10,11,13-18; 11/1-8,12,13,16,20,22; 111/1,2,5-7,10,11,13-15,17-
24]. Wskazaniem do leczenia jest stopa ptasko-koslawa z towarzyszacym bdlem,
ktory wystepuje w okoto 2—14,2% wszystkich przypadkow ptaskostopia [1/1-7,10-
12,14-22]. Brak leczenia objawowej stopy ptasko-koslawe]j u dzieci i miodziezy
moze prowadzi¢ do rozwoju roznych schorzen ukladu miesniowo-szkieletowego w
wieku dorostym; schorzenia te obejmuja deformacje palucha koslawego, nerwiaka
Mortona oraz zmiany zwyrodnieniowe stopy i stawu skokowego [11/2,23].

Poczatkowg metodq leczenia objawowej stopy ptasko-koslawej jest leczenie
zachowawcze kontynuowane przez 3—6 miesiecy, ktore obejmuje ograniczenie
chodzenia, rehabilitacje, wkiadki do butow, redukcje masy ciata i stosowanie lekow
przeciwbolowych [11/1,2,5-8,12,13,18,19,22]. Jezeli leczenie zachowawcze jest
nieskuteczne, zaleca sie leczenie chirurgiczne [11/1,2,4-8,12,13,18,19,20,22].
Znanych jest wiele technik leczenia chirurgicznego stosowanych w przypadkach
objawowej stopy plasko-koslawej [1/1-22; 11/1-22 ; 111/1-24]. Nalezg do nich
artroereza, osteotomia kosci pietowej lub skokowej, artrodeza (stawu pietowo-
szesciennego, podskokowa, skokowo-todkowata), wydtluzenie Sciegna Achillesa,
wydhuzenie miesnia brzuchatego tydki, przeniesienie Sciegna [1/1-22; 11/1-22 ; I11/1-
24].

Artroereza jest matoinwazyjng procedurg polegajaca na czasowym
zablokowaniu stawu skokowego dolnego poprzez umieszczenie ruchomego implantu
do zatoki stepu, wszczepienie Sruby pietowej lub wszczepienie matego klinowego
przeszczepu kostnego pomiedzy koSciag skokowa, a koscig pietowa [11/1-22]. Celem
artroerezy jest ograniczenie pronacji stopy i odwiedzenia przodostopia, zapewnienie
bocznego wsparcia stawu skokowego dolnego i zmniejszenie koSlawosci tylnej czesci
stopy [1/2,5-10,12; 11/1,2,3,5,13,22]. Wszczepienie implantu pomaga zwiekszy¢
zarOwno supinacje, jak i przywiedzenie przodostopia [11/3,13]. Implanty stosowane w
zabiegach artroerezy wplywaja rowniez na propriocepcje ze wzgledu na ich
mechaniczne dzialanie na liczne proprioceptory znajdujqce sie w zatoce stepu
[11/1,2,3,13,22]. Najlepsze wyniki chirurgiczne odnotowano w przypadku zabiegow
artroerezy wykonywanych u pacjentow w wieku 7—14 lat. Dzieje sie tak dlatego, ze
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implanty wptywaja na przebudowe wcigz rosngcej kosci skokowej i pietowej oraz
trojwymiarowa strukture stawu skokowego dolnego [11/2,4,5,6,8,10,12,13,21].
Poniewaz jest to procedura minimalnie inwazyjna, niedroga i nieczasochtonna,
powodujaca niewiele powiklan, artroereza jest akceptowang metodg leczenia
objawowej stopy plasko-koslawej, zapewniajacq wysoki poziom zadowolenia
pacjentow z leczenia [11/1-9,19,22]. Niemniej jednak nie ma konsensusu co do
techniki artroerezy w leczeniu objawowej stopy ptasko-koslawej
[11/1,2,4,5,7,8,10,12,13,20]. Niektorzy autorzy sugerujq zastosowanie ruchomych
implantow zatokowo-stepowych, umieszczonych swobodnie w zatoce stepu
[11/6,7,9], niektérzy opowiadajq sie za wprowadzaniem Srub do kosci pietowej
[11/3,8,13,15,16,19], jeszcze inni podajq porownywalne wyniki niezaleznie od rodzaj
zastosowanego implantu [11/1,2,12,18]. Celem zabiegu artroerezy jest zmniejszenie
bolu i deformacji, poprawa chodu oraz zwiekszenie aktywnosci fizycznej i sportowej
[11/5,7,8,10,12; 111/2,5-10,12,16,18-24]. Wczesniejsze badania oceniaty wybrane
parametry radiologiczne i czynnoSciowe po leczeniu chirurgicznym implantow
wprowadzanych do kosci pietowej[1/1,2,4,9,10,20,21], ruchomymi implantami
umieszczanymi w zatoce stepu [1/5,8,14-16,19-21] czy przeszczepem kosci
strzatkowej wprowadzanym pomiedzy koscig skokowa a kosScig pietowa [1/3].

Li i zespol, ktorzy ocenili 30 pacjentow przedstawili dobre wyniki kliniczne i
radiologiczne po artroerezie w polgczeniu z zabiegami na tkankach miekkich[1/17].
Vogta, ktory porownat trzy rodzaje implantow (dwa ruchome implanty zatoki stepu i
jeden implant kosci pietowej), podal porownywalne wyniki kliniczne i radiologiczne
wszystkich trzech typow implantow [1/20]. Paolo i wspétpracownicy zaobserwowali
wiekszg poprawe ruchomosci stopy po zastosowaniu endoortezy

niz implantow umieszczanych w kosci pietowej [I/21]. Systematyczny przeglad
zabiegow artroerezy wykazal nieznacznie mniejszy odsetek powik}an i lepsze
rezultaty przy zastosowaniu implantow kosSci pietowej w porOwnaniu z innymi
typami implantow [1/22].

W leczeniu objawowej stopy ptasko-koslawej istotnym aspektem jest
wieloczynnikowa ocena wynikow leczenia [1/1-5,7-10,14-19,22;
111/2,7,11,12,14,18,19,22]. Do najwazniejszych czynnikéw nalezy ocena kliniczna,
radiologiczna, funkcjonalna i biomechaniczna. Brak bolu oraz ograniczenia ruchu,
prawidlowa sita mieSniowa wplywaja na prawidtowq biomechanike konczyn dolnych
i parametry chodu [I11/2,18,19].

W dostepnym pismiennictwie brak jest prac oceniajacych zastosowanie Sruby
wprowadzanej w koS¢ skokowa w leczeniu objawowej stopy ptasko-koslawej. Nie
byto dotad prac kompleksowo oceniajacych wplyw zastosowania implantu
skokowego Spherus na wyniki kliniczne, funkcjonalne, radiologiczne oraz
mechanizm chodu, w leczeniu objawowej stopy ptasko-koslawej.



2. Zalozenia i cele pracy
1. Ocena kliniczna 1 funkcjonalna pacjentow przed i po operacji objawowej stopy
ptasko-koslawej z uzyciem $ruby Spherus.

2. Ocena radiologicznych wynikdéw leczenia pacjentdw z objawowg stopa plasko-
koslawg operowanych z uzyciem $ruby Spherus.

3. Prospektywna analiza chodu pacjentéw przed i1 po leczeniu operacyjnym $rubg
Spherus objawowej stopy ptasko-koslawe;.



3. Materialy i metody

Pierwsza publikacja

Badanie miato charakter prospektywny oraz bylo przeprowadzone w jednym
osrodku. PrzeanalizowalisSmy pacjentow ze stopa ptasko-koSlawa, u ktorych w latach
2021-2022 wykonano artroereze srubg skokowa Spherus, rycina 1.

Rycina 1. Obrazy radiologiczne po korekcji stopy ptasko-koslawej sruba Spherus.

U wszystkich pacjentéw wykonano badania fizykalne i radiologiczne. Stope
ptasko-koslawg rozpoznano na podstawie nastepujacych objawow klinicznych i
radiologicznych: bol stopy, ptaskostopie korektywne, kat skokowo-pietowy (kat
Kite'a) > 40 stopni mierzony na radiogramie stopy w obciazeniu [1/1,2,3,5,19].
Wszyscy analizowani pacjenci zostali poddani wstepnemu leczeniu zachowawczemu
w postaci rehabilitacji, wktadek do butéw, ograniczenia chodzenia, stosowania
niesteroidowych lekow przeciwzapalnych i redukcji masy ciata w okresie 3—6
miesiecy [1/1,5,7,8,19].

Kryteriami wigczenia do badania byly wiek od 7 do 14 lat, objawowa elastyczna
stopa ptasko-koslawa, niepowodzenie leczenia zachowawczego, artroereza ze Srubg
skokowaq Spherus (Gruppo Bioimpianti S.R.L., Mediolan, Wiochy), okres obserwacji
wynoszacy co najmniej 14 miesiecy, Swiadoma zgoda, dostepna i peina
dokumentacja medyczna i radiologiczna, dostepna i kompletna dokumentacja ocen
funkcjonalnych (kwestionariusze aktywnosci, punktacja bolu w wizualnej skali



analogowej [VAS], zakres ruchu stawu skokowego), brak historii urazow konczyn
dolnych, brak synostoz w badaniu radiologicznym oraz brak wspdtistniejacych
chordb neurologicznych. Kryteriami wykluczenia byty wiek ponizej 7 lat i powyzej
14 lat, historia urazow konczyn dolnych, radiograficzne dowody na synostoze w
obrebie stopy lub stawu skokowego, choroby neurologiczne, okres obserwacji
krétszy niz 14 miesiecy, niekompletne badania lekarskie, radiograficzne lub zapisy
oceny funkcjonalnej. Wszyscy pacjenci i ich opiekunowie prawni zostali
poinformowani o dobrowolnym charakterze udziatu. Badanie, ktére przeprowadzono
zgodnie z Deklaracjq Helsinska, uzyskato zgode komisji etyki.

W latach 2021-2022 w naszej klinice wykonano 35 zabiegow artroerezy z
uzyciem Sruby skokowej Spherus. Zastosowanie kryteriow wiaczenia i wylaczenia
pozwolito ostatecznie wilgczy¢ do badania 27 pacjentow (11 kobiet, 16 mezczyzn) w
Srednim wieku 10,5 roku (7-14 lat).

U pacjentéw z zgieciem grzbietowym stopy ograniczonym do 5-10 stopni
[1/13,14,18] wykonywano jednoczasowe wydtuzanie sciegna Achillesa (plastyka
,»Z”). Takich pacjentow bylo 10 (37%). Kazdy zabieg wykonywat jeden z dwoch
doswiadczonych chirurgow ortopedow. Chorych operowano w pozycji lezacej, w
warunkach niedokrwieniu operowanej konczyny dolnej. Ciecie skorne o dlugosci 1-2
cm wykonano dystalnie i nieco do przodu od wierzchotka kostki bocznej oraz w
poblizu zatoki stepu, rycina 2.

Rycina 2. Obraz srédoperacyjny miejsca dostepu chirurgicznego w celu
wprowadzenia Sruby Spherus.



W celu ustalenia odpowiedniego miejsca wprowadzenia implantu Srodoperacyjnie
wykonano zdjecia rentgenowskie przednio-tylne (AP) i boczne. W zaleznosci od
wieku pacjenta, masy ciata, rozmiaru stopy i wczesniejszego doSwiadczenia
operatora, Srednica wybranej sruby wynosita 6,5 mm lub 8 mm, a dlugos¢ sruby
wahata sie od 25 mm do 40 mm. Gdy stopa pacjenta znajdowata sie w maksymalnej
supinacji, Srube Spherus wprowadzono w dolng powierzchnie koSci skokowej od
strony zatoki stepu, monitorujac jej potozenie za pomoca Srodoperacyjnych zdjec¢
rentgenowskich. W plaszczyznie czotowej przebieg wprowadzonej sSruby Spherus byt
ukosny i skierowany od boku do przysrodka, natomiast w plaszczyznie strzatkowej
kierunek sruby pokrywat sie z osig dluga czesci dalszej kosci strzatkowe;j.
Bezposrednio po zabiegu pacjentom pozwolono chodzi¢, obcigzajac operowang stope
pelnym ciezarem; w przypadku dolegliwosci bolowych zalecono stosowanie dwdch
kul tokciowych przez okres do 14 dni po zabiegu. W przypadku wspotistniejacego
wydtuzenia Sciggna Achillesa konczyne unieruchomiono w gipsie stopowo-
podudziowym na okres 6 tygodni. SzeS¢ tygodni po operacji pacjenci mogli w pehi
powrocic¢ do aktywnosci fizycznej, w tym sportowej. Pacjenci byli kontrolowani
radiologicznie w poradni ortopedycznej szeS¢ tygodni po operacji, a nastepnie co trzy
miesigce.

W ramach badania oceniano poziom aktywnosci fizycznej (w tym sportowej) w
oparciu o 6-punktowa skale aktywnosci Uniwersytetu Kalifornijskiego w Los
Angeles (UCLA) [1/24], 10-punktowa skale poziomu aktywnosci VAS [1/25] oraz 6-
punktowq skale aktywnosci fizycznej Grimby’ego [1/26]. B4l oceniano w oparciu o
10-punktowa skale bolu VAS; funkcje stopy oceniano za pomoca skorygowanego
wskaznika funkcji stopy (FFI-R) [I/27]; a ruchomos¢ stawu skokowego mierzono
recznie za pomoca goniometru. Oceniano zgiecie grzbietowe, zgiecie podeszwowe,
przywodzenie i odwodzenie w stawie skokowym zaro6wno w konczynie operowanej,
jak i nieoperowanej, a wyniki wyrazano w stopniach. Ocene te przeprowadzono
zarowno przed operacja, jak i podczas dlugoterminowej wizyty kontrolne;j.

Analiza statystyczna

W celu analizy statystycznej danych uzyto programu Statistica 13.1. Do
sprawdzenia normalnosci rozktadu wykorzystano test Shapiro—Wilka. Do poréwnania
zmiennych statystycznych wykorzystano test Manna — Whitneya. Poziom
znamiennoSci statystycznej przyjeto na poziomie p < 0,05.
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Druga publikacja

W pracy przeprowadzono prospektywna oceng pacjentow leczonych operacyjnie
z powodu objawowej stopy plasko-koslawej latach 2021-2022. Kryteriami wigczenia
do badania byty: objawowa stopa ptasko-koslawa, artroereza srubg skokowa Spherus
(Gruppo Bioimpianti S.R.L., Mediolan, Wtochy, rycina 3), wiek 7-14 lat, Swiadoma
zgoda, pelna dokumentacja medyczna i radiologiczna oraz okres obserwacji
Wynoszacy co najmniej 12 miesigcy.

Rycina 3. Zdjecia radiograficzne po korekcji stopy ptasko-koslawej sruba Spherus.

Rozpoznanie objawowej elastycznej stopy ptasko-koslawej zostato potwierdzone
na podstawie wywiadu, badania klinicznego i obrazowania radiologicznego pacjenta.
Wszyscy oceniani pacjenci byli poddani leczeniu zachowawczemu, obejmujacemu
rehabilitacje 1 wktadki do obuwia. U wszystkich pacjentow wystapito podwichnigcie
tylnej czesci stopy 1 zapadnigcie si¢ przysrodkowego tuku podtuznego, a takze
odczuwali oni bol stopy oraz mieli problemy z chodzeniem. Kryteriami wykluczenia
z badania byty inne patologie konczyn dolnych (takie jak porazenie mézgowe,
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koalicja stepu, inne deformacje stop lub choroba reumatoidalna stawow), historia
operacji stopy, schorzenia neurologiczne, historia urazéw stop, nickompletna
dokumentacja medyczna lub radiologiczna, brak zgody na badanie lub okres
obserwacji krotszy niz 12 miesigcy. Badanie to zostato zatwierdzone przez lokalng
komisje etyczng. Wszyscy pacjenci 1 ich opiekunowie prawni zostali poinformowani
o dobrowolnym charakterze udzialu w badaniu. W naszym osrodku w latach 2021 1
2022 wykonano 35 zabiegdéw artroerezy z uzyciem $ruby skokowej Spherus.

Stosowanie kryteriow wiaczenia 1 wylgczenia w ramach tego badania objeto 27
pacjentdw leczonych z powodu deformacji typu pes planovalgus. Grupe badang
stanowito 16 mezczyzn 1 11 kobiet w wieku 7—14 lat (Srednia wieku 10,5 roku).
Technika operacji, protokot rehabilitacyjny 1 schemat wizyt kontrolny byt jednakowy
dla pacjentoéw ocenianych w publikacji I-III oraz zostat opisany szczegdétowo w
akapicie dotyczacym publikacji 1.

U 36,36% chorych wykonano jednoczesne wydtuzenie §ciggna Achillesa
(plastyke Z). Wskazaniem do wydtuzenia Sciggna Achillesa byto zgigcie grzbietowe
mniejsze niz 5—10 stopni w pozycji neutralnej stopy [11/1,2,5,14,15]. Pelne obcigzanie
byto dozwolone juz pierwszego dnia po operacji. W przypadku wspotistniejgcego
wydtuzenia Sciegna Achillesa konczyne unieruchomiono w gipsie stopowo-
podudziowym na okres 6 tygodni. Pacjentom ograniczano wysitek fizyczny 1
uprawianie sportu przez pierwsze 6 tygodni po operacji [1I/7,11]. Protokot
rehabilitacji byt taki sam dla wszystkich pacjentdw 1 rozpoczynat si¢ albo 6 tygodni
po operacji, albo pierwszego dnia po operacji u pacjentéw, odpowiednio, z
wydtuzeniem $ciggna Achillesa 1 bez niego. Wszystkich pacjentow uczono chodzi¢ o
kulach; protokoét rehabilitacji obejmowat takze ¢wiczenia bierne i1 czynne stopy oraz
stawu skokowego.

Wszyscy pacjenci zostali poddani badaniu klinicznemu i obrazowemu oraz
wypetnili ankiety funkcjonalne. W badaniu oceniano nastepujace parametry: kat
Meary’ego, kat Costa—Bartani, kat nachylenia kosci pigtowej, czas trwania operacji,
dhlugos¢ pobytu w szpitalu, satysfakcje pacjenta, ponowng che¢ wyboru takiego
samego leczenia przez pacjenta, powiktania pooperacyjne oraz przedoperacyjne 1
pooperacyjne stosowanie srodkow przeciwbolowych. Kat Meary'ego, mierzono na
RTG bocznym stopy, jest katem pomiedzy linig poprowadzong wzdtuz osi podtuzne;j
kosci skokowej (tj. osi srodkowo-skokowej) a linig wzdhuz osi wzdluznej pierwszej
kosci $rodstopia (tj. pierwsza o$ $rodstopia) [11/4,7,15]. Kat Costa-Bartani, mierzono
na RTG bocznym stopy, to kat pomiedzy liniami faczacymi trzy punkty: najnizszy
punkt trzeszczki przysrodkowej, najnizszy punkt guzowatosci tylnej kosci pietowej 1
najnizszy punkt kosci skokowe;j [11/4,7]. W celu oznaczenia kata nachylenia kosci
pigtowej poprowadzono lini¢ od dolnego brzegu powierzchni stawowej dalszej kosci
pictowej do powierzchni podeszwowej kosci pigtowej. Kat utworzony pomiedzy ta
linig a ptaszczyzna poprzeczng byt katem nachylenia kosci pietowej [11/4,7,15].
Oceng powiktan pooperacyjnych przeprowadzono na podstawie relacji pacjentow,
przegladu dokumentacji, badania klinicznego 1 badan obrazowych. Oceniano
nastepujace powiktania: utrzymujacy si¢ bol, ograniczony zakres ruchu, obrzek,
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infekcje, opoznione gojenie si¢ ran, ztamanie lub obluzowanie $ruby, brak uzyskane;j
korekcji, hiperkorekcje (tj. stopa szpotawa) oraz konieczno$¢ reoperacji lub
wczesniejszego usuni¢cia implantu. Czas trwania zabiegu mierzono w minutach.
Dhugos¢ pobytu w szpitalu mierzono w dniach. Stopien zadowolenia pacjentow z
leczenia oceniano jako ,,bardzo zadowolony”, ,,zadowolony” lub ,,niezadowolony”.
Oceniano, ilu pacjentéw wybratoby ponownie t¢ samg metode¢ leczenia oraz ilu
pacjentdw przyjmowato leki przeciwbolowe (paracetamol, NLPZ 1 tramadol) przed
operacja 1 podczas ostatniej wizyty kontrolne;.
Analiza statystyczna

W celu analizy statystycznej danych uzyto programu Statistica 13.1. Do
sprawdzenia normalnosci rozktadu wykorzystano test Shapiro—Wilka. Do poréwnania
zmiennych statystycznych wykorzystano test Manna — Whitneya. Poziom
znamiennoSci statystycznej przyjeto na poziomie p < 0,05.
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Trzecia publikacja

W pracy prospektywnie oceniono pacjentow leczonych operacyjnie z powodu
objawowej stopy plasko-koslawej. U wszystkich chorych wykonano artroereze po 6-
12 miesigcach leczenia zachowawczego (rehabilitacja, ¢wiczenia, NLPZ, wktadki do
butéw) jesli nie przyniosto ono efektu. Kryteriami wigczenia do badania byty:
objawowa stopa ptasko-koslawa z bélem, niepowodzenie leczenia zachowawczego,
wiek 7—-14 lat w momencie operacji, artroereza ze srubg Spherus (Gruppo
Bioimpianti S.R.L., Mediolan, Wtochy), pisemna zgoda, petne badanie lekarskie i
dokumentacja radiologiczna, pelne wyniki analizy chodu, okres obserwacji trwajacy
ponad 14 miesigcy. Na podstawie wywiadu, badania klinicznego i radiologicznego
potwierdzono objawow3 stope¢ plasko-koslawg. Kryteriami wykluczenia byty
dodatkowe patologie konczyn dolnych, przebyta operacja stopy, schorzenia
neurologiczne, obecno$¢ synostozy, urazow stopy, niekompletna dokumentacja
medyczna lub radiologiczna, brak pisemnej zgody oraz okres obserwacji krotszy niz
14 miesigcy. Badanie uzyskato zgode lokalnej komisji bioetycznej 1 zostato
przeprowadzone zgodnie z Deklaracjg Helsinska. Wszyscy pacjenci oraz ich
opiekunowie prawni zostali poinformowani o dobrowolnosci udzialu w badaniu. W
analizowanym okresie wykonano 24 zabiegi artroerezy przy uzyciu §ruby Spherus.
Zastosowanie kryteridw wiaczenia 1 wylaczenia wytonito 22 pacjentoéw ze stopa
ptasko-koslawa. Grupe badang stanowito 8 kobiet 1 14 mg¢zczyzn w wieku 7—14 lat.
Technika operacji, protokot rehabilitacyjny 1 schemat wizyt kontrolny byt jednakowy
dla pacjentoéw ocenianych w publikacji I-III oraz zostat opisany szczegdtowo w
akapicie dotyczacym publikacji 1.

U o$miu pacjentoéw w ramach zabiegu skojarzonego wykonano wydtuzenie $ciggna
Achillesa (plastyka Z). Wskazaniem do wydluzenia $ciggna Achillesa bylo zgigcie
grzbietowe mniejsze niz 5—10 stopni w pozycji neutralnej stopy [I11/1,2,5,14,15,18].
Po operacji mozna byto w pelni obcigza¢ operowang konczyne juz pierwszego dnia
po operacji, pod warunkiem braku dolegliwosci bolowych. Jezeli podczas chodzenia
wystepowat bol, pacjent stosowat kule tokciowe przez 5—14 dni. W przypadku
rownoczasowego wydtuzania Scigegna Achillesa konczyng unieruchomiono w gipsie
stopowo-podudziowym na okres 6 tygodni. Przez 6 tygodni po operacji pacjentom
odradzano wysitek fizyczny 1 uprawianie sportu [111/7,11]. Jednolity protokot
rehabilitacji dla wszystkich pacjentoéw rozpoczynano w pierwszej dobie po operacji, u
pacjentow bez wydtuzenia $ciegna Achillesa oraz 6 tygodni po operacji w grupie
pacjentéw ze wspotistniejagcym wydluzeniem $ciggna Achillesa.

Pacjenci byli poddawani ocenie chodu za pomocg urzadzeni G-Sensor (rycina 4)
przed operacja i po minimum 14 miesigcach po operacji. G-Sensor to system
bezprzewodowy z czujnikiem inercyjnym umieszczonym na ciele pacjenta.
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Rycina 4. G-sensor umieszczony na Pacjentce.

System sktada si¢ z trojosiowego akcelerometru, czujnika magnetycznego,
trojosiowego zyroskopu oraz oprogramowania G-studio umozliwiajacego analize
danych uzyskanych z czujnika w czas rzeczywistym. G-Sensor stuzy do obiektywnej,
doktadnej 1 powtarzalnej oceny parametrow chodu [111/27-29]. G-Sensor nadaje si¢
do oceny chodu i aktywnosci fizycznej, na co wskazuje wspodtczynnik zmiennosci
2,5% oraz analizy wspotczynnika korelacji od 0,90 do 0,99 [111/32-34]. Uzyskane
dane, ilustrujgce wszystkie fazy cyklu chodu, pozwalaja obiektywnie oceni¢ chod
pacjenta 1 wykry¢ ewentualne odchylenia od prawidtowych parametréw chodu
[111/27-29].

W tym badaniu oceniano nast¢pujace parametry chodu:
- czas trwania cyklu chodu (s)
- dhugosc kroku (%)
- czas trwania fazy podporu (%)
- czas trwania fazy wymachu (%)
- czas trwania fazy podwéjnego podporu (%)
- czas trwania fazy pojedynczego podporu (%)
- kadencja (kroki/min)
- predkosc¢ (m/s)
- dhugosc¢ kroku (m)
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G-Sensor umieszczano pacjentom na poziomie krgzka miedzykregowego L4-LS5,
na specjalnym pasie, rycina 4. Pacjenci chodzili boso z normalng predkoscia na
dystansie 5 metrow, pokonujac tras¢ tam 1 z powrotem. Wszyscy pacjenci byli
oceniani w tym samym pomieszczeniu, przy uzyciu tego samego urzadzenia. Dane
zebrane z urzadzenia zostaly przetworzone za pomocg oprogramowania G-studio
(BTS Bioengineering, Quincy, MA, USA); eksportowane do arkusza kalkulacyjnego
Microsoft Excel 1 analizowane. Porownano dane przed 1 pooperacyjne oraz dane
dotyczace stopy operowanej i nicoperowane;.

Analiza statystyczna

Dane analizowano statystycznie za pomocg programu Statistica 13.1. Do
sprawdzenia normalnos$ci rozktadu wykorzystano test Shapiro—Wilka. Do poréwnania
zmiennych ilo§ciowych wykorzystano test t-Studenta. Poziom istotnos$ci statystyczne;j
przyjeto na poziomie p < 0,05.
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4. Podsumowanie wynikow

W pierwszej publikacji §redni okres obserwacji wyniost 14,76 miesigca (od 12
do 26 miesiecy). Kat Meary'ego zmniejszyt si¢ z 18,63° przed operacjg do 9,39°
podczas ostatniej wizyty kontrolnej. Roznica ta byta istotna statystycznie (p = 0,004),
tabela 1.

Tabela 1. Parametry radiologiczne przed i po leczeniu operacyjnym

Wartos¢ Prze.d Po zabiegu Wartosc
zabiegiem p
Srednia + Odchylenie
Standardowe
Kat Mearyego (stopnie) 18.63 £ 7.71 9.39+£6.85 0.004 *
Kat Costa—Bartani (stopnie) 154.66 + 5.98 1‘;1%%i 0.012 **

Calcaneal pitch (stopnie) 16.21+£4.41 19.74+7.33 0.275 **
* Test t studenta; ** Test U Mann—Whitney.

Kat Costa-Bartani zmniejszyt si¢ istotnie z 154,66° przed operacjg do 144,58° po
operacji, tabela 1 i rycina 5, (p = 0,012).
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Rycina 5. Przedoperacyjne i pooperacyjne wartosci kata Costa-Bartani.

Kat nachylenia ko$ci pigtowej zmienil si¢ z 16,21° przed operacja do 19,74° po
operacji, roznica ta nie byla istotna, tabela 1.
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Powiktania odnotowano u trzech pacjentow (11,11%). W kazdym z trzech
przypadkow powiktaniem byl bol operowanej stopy, ktory leczono rehabilitacja,
wktadkami do butéw oraz oktadami z lodu. U zadnego z pacjentéw nie wystgpito
ograniczenie zakresu ruchu, obrzek, infekcja, opdZnione gojenie si¢ ran, ztamanie lub
poluzowanie $ruby, hiperkorekcja (szpotawos¢ stopy), konieczno$¢ reoperacji,
konieczno$¢ wczesniejszego usunigcia Sruby lub jakiekolwiek inne komplikacje.
Sredni czas trwania operacji wynidst 32 min (SD 8,65). Sredni pobyt w szpitalu
trwat 2,2 dnia (SD 0,41).

Bardzo zadowolonych z leczenia byto 14 pacjentow (51,85%), zadowolonych z
leczenia byto 12 pacjentow (44,44%), natomiast niezadowolony z leczenia byt 1
pacjent (3,7%).

Dwudziestu pieciu (92,59%) ocenianych pacjentéw wybratoby ponownie ten sam
rodzaj leczenia.

Szesciu pacjentow (22,22%) wymagalto stosowania lekéw przeciwbdlowych przed
leczeniem operacyjnym, natomiast zaden z pacjentow nie musial ich stosowaé w
koncowej kontroli.

Szczegotowe wyniki oceny aktywnosci fizycznej, funkcjonowania i zakresu
ruchu, pacjentow ocenianych w drugiej publikacji, przedstawiono w tabeli 2 i 3.
Zaobserwowano istotng statystycznie poprawe wynikow w skali aktywnosci UCLA
ze Sredniego wyniku 4,78 przed operacja, do sredniego wyniku 6,05 w odlegle;j
obserwacji, p = 0,045, tabela 2.

Tabela 2. Szczegotowa ocena funkcjonalna pacjentéw przed i po operacji.

Analizowana wartos¢ Przed Leczeniem  Po leczeniu W;:)riosc
(Srednia + Odchylenie Standardowe)

Skala UCLA 4.78 + 2.25 6.05 + 1.61 0.045
Skala Gimbry 3.26 £ 1.59 3.94 +1.17 0.14
Skala Aktywnosci VAS 5.47 +2.89 7 £2.05 0.048
Skala Bélu VAS 4.73 £ 3.51 2.73 £ 3.28 0.047
Skala FFI-R 140 + 61.28 97.75 + 28.53 0.017
Zgiecie grzbietowe OL [st] 22 +8.44 25.33£6.77 0.316
Zgiecie podeszwowe OL [st] 30.7 £9.21 3291 +11.22 0.623
Przywiedzenie OL [st] 21.9+9.74 23.5+7.46 0.667
Odwiedzenie OL [st] 18.6 £ 9.92 17.83 £ 6.72 0.831
Zgiecie grzbietowe NOL [st] 36.25 + 8.53 29 +13.41 0.381
Zgiecie pOd[eSSSWOWE NOL 37 + 14.58 49 +19.49 0.342
Przywiedzenie NOL [st] 28.5+6.24 25+ 3.53 0.32
Odwiedzenie NOL [st] 28.5+12.61 22 +10.36 0.422

* Test U Mann—Whitney; OL—Kkonczyna operowana, NOL—Kkonczyna nie operowana.
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Tabela 3. Szczegdtowy zakres ruchu pacjentéw przed 1 po leczeniu.

(Srednia + Odchylenie =~ Wartos$¢é

Analizowana wartosc¢
Standardowe) P

przed leczeniem
OL NOL
Zgiecie grzbietowe [st] 22 +£8.44 36.25+8.53 0.047
Zgiecie podeszwowe
[st]
odwiedzenie [st] 18.6 £ 9.92 285+ 12.61 0.142
przywiedzenie [st] 21.9+9.74 285+6.24 0.238
po leczeniu
OL NOL
Zgiecie grzbietowe [st] 25.33 £ 6.77 29+13.41  0.457
Zgiecie podeszwowe
[st]
odwiedzenie [st] 17.83 £6.72 22 +10.36 0.335
przywiedzenie [st] 23.5+7.46 25+ 3.53 0.677
OL—konczyna operowana, NOL—Kkornczyna nie operowana.

30.7+9.21 37+14.58  0.343

3291 +11.22 49+1949 0.086

Wryniki aktywnos$ci Grimby'ego wykazaty wzrost aktywnosci fizycznej z 3,26 przed
leczeniem do 3,94 w dlugoterminowej obserwacji, jednakze réznica nie byta istotna
statystycznie, tabela 2. Nastgpita znaczaca poprawa w wynikach aktywnos$ci
fizycznej w skali aktywnosSci VAS ze $redniego wyniku przedoperacyjnego
wynoszacego 5,47 do 7 w okresie obserwacji, p = 0,048, tabela 2. Poziom bolu
rowniez wykazat poprawe, zmniejszajac si¢ w poréwnaniu ze Srednim wynikiem
VAS wynoszacym 4,73 przed operacja do sredniego wyniku 2,73 w okresie
obserwacji, roznica byla istotna statystycznie, p = 0,047, tabela 2. Wyniki
funkcjonalne oceniane w skali FFI-R réwniez wykazaly istotng poprawe ze sredniego
wyniku wynoszacego 140 punktow przed operacja do 97,75 punktéw w kontroli
odlegtej, p = 0,017, tabela 2, rycina 6.

19



180

160 |

150 |

140 m

130 |

Skala FFI-R

110

100

o0

20

70 1 L o Srednia
Przed operacja Po operaciji T Srednia=0,95 Przedz. ufn.

Rycina 6. Wyniki przed 1 pooperacyjne wartosci punktacji w skali FFI-R.

Zgiecie grzbietowe stawu skokowego wzrosto, choc nieistotnie, ze Srednio 22° przed
operacja do $rednio 25,33° w czasie obserwacji, tabela 3. Porownanie
przedoperacyjnych i kontrolnych wartosci zakresu zgiecia podeszwowego,
przywiedzenia i odwiedzenia stawu skokowego operowanej konczyny rowniez nie
wykazato istotnych zmian w zakresie poszczegolnych parametrow, tabela 3. Co
wazne, Srednie wartosci zgigcia grzbietowego, zgiecia podeszwowego,
przywiedzenia i odwiedzenia stawu skokowego w badaniu kontrolnym, porownane
indywidualnie pomiedzy stopa operowana 1 nieoperowana, nie wykazaty rdéznic
istotnych statystycznie, tabela 3.

W trzeciej pracy Sredni okres obserwacji wynosit 15,5 miesigca (od 14 do 18
miesiecy).
Porownanie przedoperacyjnych parametréw chodu dla konczyny operowanej 1
nieoperowanej nie wykazato zadnych r6znic pod wzgledem czasu trwania cyklu
chodu, dlugosci kroku, czasu trwania fazy podporu, czasu trwania fazy wymachu,
czasu trwania fazy podwdjnego podporu oraz czasu trwania fazy pojedynczego
podporu, tabela 4.
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Tabela 4. Poréwnanie przedoperacyjnych parametrow chodu dla konczyny

operowanej (OL) 1 nieoperowanej (NOL).

Analizowany parametr

Czas trwania cyklu chodu (s)
Dhugosc¢ kroku (%)

Dlugos¢ Fazy Podporu (%)
Dhugosc Fazy przeniesienia(%)

Czas trwania podwdjnego podporu(%)

Czas trwania pojedynczego podporu (%)

Ilo$¢ analizowanych krokow

OL NOL
Srednia + Odchylenie Standardowe
1.54 £ 0.23 1.54 £ 0.27
49.07 +4.91 51.58 + 4.08
58.45 + 6.97 59.67 + 5.38
41.54 £ 6.97 40.31 + 5.37
9.47 + 3.14 9.69 + 2.62
39.49 + 5.57 41.41£7.42
10.23 +1.21 10.11 £ 1.26

wartosc p

0.957
0.114
0.57

0.568
0.868
0.401
0.783

Pooperacyjna ocena parametréw chodu dla konczyny operowanej i nieoperowane;j

roznila si¢ tylko

dhugoscig kroku (p = 0,047), tabela 5, rycina 7.

Tabela 5. Pooperacyjna ocena parametrow chodu dla konczyny operowanej (OL) 1

nieoperowanej (NOL).

Analizowany parametr

dtugosc cyklu chodu (s)
dhugos¢ Kroku (%)

Dhigosc¢ fazy podporu (%)
Dlugos¢ Fazy przeniesienia(%)

Dhigos¢ podwdjnego podporu (%) 9.25 + 2.81
Dhugosc¢ pojedynczego podporu (%) 40.61 + 4.24

Ilos¢ Analizowanych krokow

OL NOL
Srednia + Odchylenie Standardowe
1.24 + 0.24 1.21 £ 0.21
48.84 + 3.74 51.15+3.74
55.58 + 11.66 59.08 + 3.85
42.11 + 3.15 40.91 £ 3.85
8.25+2.21
41.53 £2.69
10.45 + 1.89 10.59 + 1.84

wartos¢ p

0.749
0.047
0.188
0.27

0.194
0.388
0.810
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Rycina 7. Dtugos¢ kroku po zabiegu operacyjnym w operowanej 1 nieoperowanej
konczynie.

Tabela 6. Wybrane parametry chodu przed 1 po operacji.

Analizowany parametr Przed zabiegiem Po Zabiegu warto$¢ p
Srednia + Odchylenie Standardowe

Kadencja (kroki/min) 82.29 +£13.59 102.94 + 14.09 <0.001

Predkos¢ (m/s) 0.81+0.21 0.96 £ 0.24 0.046

Dhugos$¢ kroku (m) 0.63 +£0.14 0.57+0.11 0.185

Czas badania (s) 48.72 +£10.51 39.29+9.51 0.005
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Nie zaobserwowano zadnych roznic w czasie trwania cyklu chodu, czasie trwania
fazy podporu, czasie trwania fazy wymachu, czasie trwania fazy podwdjnego
podporu oraz czasie trwania fazy pojedynczego podporu, tabela 5.

Kadencja wzrosta w porownaniu ze Srednig przedoperacyjng wynoszaca 82,29
krokow/min do Sredniej pooperacyjnej wynoszacej 102,94 krokow/min, p < 0,001,
tabela 6, rycina 7.

Rycina 7. Kadencja przed i po operacji.
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Odnotowano znaczacy wzrost predkosci chodu z 0,81 m/s przed zabiegiem do 0,96
m/s po zabiegu, p = 0,046), tabela 6, rycina 8. Dlugos¢ kroku nie ulegta zmianie,
tabela 6.
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Zaobserwowano znaczne zmniejszenie czasu trwania cyklu chodu w konczynie
operowanej z 1,54 s przed operacja do Sredniej wartosci 1,24 s po operacji, p < 0,001,

tabela 7.

Tabela 7. Szczegotowa analiza parametrow chodu przed (NOL) i po zabiegu (OL).

Analizowana warto$¢

Czas trwania cyklu chodu OL (s)
Dhugosc¢ kroku OL (%)

Dhugosc¢ fazy podporu OL (%)
Dhugosc¢ fazy przeniesienia OL (%)
Dlugos¢ podwojnego podporu OL (%)
Dhugosc¢ pojedynczego podporu OL (%)
ilos¢ analizowanych krokéw OL

Czas trwania cyklu chodu NOL (s)
Dhigosc¢ kroku NOL (%)

Dhugosc¢ fazy podporu NOL (%)
Dlugosc¢ fazy przeniesieniaNOL (%)
Dhugos¢ podwaojnego podporu NOL (%)
Dlugos¢ pojedynczego podporu NOL (%)
Ilos¢ analizowanych krokéw NOL

Przed zabiegiem

Po zabiegu

Srednia + Odchylenie Standardowe

1.54 £ 0.23

49.07 +£ 491
58.45 £ 6.97
41.54 + 6.97
9.47 £4.14

39.49 + 5.57
10.23 £1.21
1.54 £ 0.27

59.67 £ 5.38
40.31 + 5.37
9.69 £ 3.62

41.41+£7.42
51.58 £ 4.08
10.11 +1.28

1.24 £ 0.24
48.84 + 3.74
55.58 £ 11.66
42.11 £ 3.15
9.25+2381
40.61 + 4.24
10.45 £ 1.89
1.21 £ 0.21
59.08 £ 3.85
40.91 + 3.85
8.25+£2.22
41.53 £ 2.69
51.15+3.74
10.59 £ 1.84

wartosc p

<0.001
0.873
0.375
0.741
0.845
0.486
0.679
<0.001
0.689
0.686
0.131
0.941
0.734
0.371

Czasy trwania cyklu chodu przed i pooperacyjnym roznity sie dla konczyny

nieoperowanej, p < 0,001, tabela 7. W porownaniu Srednich wartosci przed operacjq

i po operacji, pozostale oceniane parametry chodu nie wykazaly istotnosci

statystycznej, tabela 7.
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5. Podsumowanie dyskusji

Glownym celem leczenia operacyjnego stopy plasko-koslawej jest zmniejszenie
dolegliwosci bolowych oraz poprawa wydolnosci chodu. Wsréd ortopedow nie ma
jednomys$lnos$ci w wyborze metody leczenia operacyjnego objawowej stopy plasko-
koslawej [11/1,2,4,5,7,8,10,12,13,20]. Najlepsze wyniki leczenia objawowej stopy
ptasko-koslawej zaobserwowano u pacjentow w wieku 7—14 lat
[11/2,4,5,6,8,10,12,13,21].

Brak odpowiedniego napi¢cia tkanek migkkich i wiotko$¢ wigzadet 1 mig$ni
moze skutkowac¢ nieprawidtowa konfiguracjg przestrzenng stopy 1 rozwojem
objawowej stopy plasko-koslawej u dzieci. Znieksztalcenie okreslane jako stopa
ptasko-koslawa obejmuje pronacje 1 odwiedzenie przodostopia wynikajace z
nadmiernej pronacji stawu podskokowego, koslawos¢ tylostopia, obnizony tuk
podtuzny stopy oraz przykurcz §ciggna Achillesa; wszystkie te patologie potencjalnie
negatywnie wptywajace na biomechanike chodu [III/7, 12—15, 17, 18]. Pomiary
antropometryczne, izokinetyczne 1 kinematyczne pomagajg w precyzyjnym
roznicowaniu miedzy stopg normalng a stopg ptaska [III/7]. Analiza parametrow
biomechanicznych 1 chodu stanowi istotny sktadnik oceny wynikow korekeji
deformacji stopy [111/2,7,11,12,14,18-20,22,27-31]. W odr6znieniu od innych
implantow przeznaczonych do chirurgicznej korekcji stopy plasko-koslawe;j, sruba
Spherus ma by¢ wprowadzona do kosci skokowej. Zaletg umieszczenia tej Sruby w
kosci skokowej jest wsparcie dla jej podstawy oraz duza powierzchnia kontaktu ze
stopa i $cianami zatoki stepu. Sruba Spherus stabilizuje ko$é skokowa, rozktadajac
cigzar ciata na wigkszg powierzchnig, jednoczesnie zmniejszajgc ryzyko migracji
sruby do kosci skokowej 1 jej penetracji do kosci pigtowe;.

Implanty stosowane w artroerezie mechanicznie ograniczajg pronacj¢ stopy i po-
prawiajg propriocepcje, co pomaga uzyskac korekcje deformacja ptasko-koslawej
[1I/1-3,5]. Wptyw na propriocepcje powoduje zmiany w interakcji pomiedzy mig-
$niami 1 wi¢zadtami [11/1-3,12,13].
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Wydaje sie, ze zastosowanie Sruby skokowej Spherus ma kilka zalet w poréwna-
niu z technikami z uzyciem $rub wprowadzanych w ko$¢ pietowa lub wolnych im-
plantow wprowadzanych do zatoki stgpu. Po pierwsze, ryzyko obluzowania lub mi-
gracji §ruby Spherus jest mniejsze. W naszym badaniu nie stwierdzono przypadkéw
obluzowania si¢ sruby Spherus lub migracji, podczas gdy inni autorzy donosza o ta-
kich powiktaniach w przypadku $rub wprowadzanych w kos¢ pigtowa (wskaznik ob-
luzowania lub migracji 1,72%) [1/3] 1 wolnych implantow do zatoki stgpu (wspot-
czynnik migracji 3,2% do 23%) [1/5,15]. Przyczyng braku obluzowaniu lub migracji
sruby Spherus moze by¢ kilka czynnikow, ktorymi sa, po pierwsze, specjalny stozko-
wy ksztatt Sruby, po drugie, wzgledny duza §rednica $§ruby (w por6wnaniu ze $redni-
cami Srub pietowych) oraz po trzecie, duza srednica gwintu utatwiajagca wprowadze-
nie Sruby do kosci gabczastej; te cechy konstrukcyjne sruby Spherus zapewniaja jej
wieksza powierzchni¢ styku do kosci 1 jej lepszg stabilnos¢ wewnatrz kosci w porow-
naniu ze $rubami pigtowymi. Ponadto moze wigzac si¢ to z wprowadzeniem $ruby do
kosci skokowej zamiast do kosci pigtowej, co powoduje mniejsze dziatanie sita na
srube podczas pelnego obcigzenia.

W pordwnaniu z osteotomig i artrodeza, artroereza wymaga krotszego okresu
unieruchomienia 1 krétszego okresu obcigzenia, co moze skutkowaé mniejszym
ograniczeniem zakresu ruchu 1 lepszymi parametrami chodu [III/2]. Wyniki mojego
badania wskazuja na poprawe ocenionych parametréw chodu, co moze wskazywaé
na znormalizowang anatomig¢ stopy, zwigkszony zakres ruchu i zmniejszone
dolegliwosci bolowe po leczeniu stopy ptasko-koslawej za pomocg $ruby do kosci
skokowej. Grupa pacjentow ocenianych w moim badaniu wykazata wzrost predkosci
chodu 1 wartosci kadencji po zabiegu w poréwnaniu z odpowiednimi wartosciami
przedoperacyjnymi. Odnotowatem rowniez skrdcenie czasu cyklu chodu na
konczynie operowanej w porOwnaniu z wartoscig przedoperacyjng. Wyniki te

wskazujg na pozytywny efekt leczenia na biomechanike konczyny dolne;.

Jednym z celow leczenia stopy plasko-koslawej objawowej jest poprawa chodu

oraz parametrow klinicznych 1 funkcjonalnych. W moim badaniu zaobserwowatem
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poprawe parametrow chodu po umieszczeniu $ruby w kosci skokowej, co wskazuje

na dobre wyniki leczenia.

Oceniania grupa pacjentow wykazata si¢ znaczng pooperacyjng poprawg
poziomu aktywnosci fizycznej zarowno w skali VAS oraz wynikéw skali aktywnosci
UCLA, co wskazuje na dobre wyniki leczenia. Wzrost aktywnosci fizycznej 1
sportowej po operacji w mojej grupie badanej moze by¢ spowodowana

zmniejszeniem dolegliwosci bolowych 1 zmniejszenie deformacji [11/5,13].

Glownym celem artroerezy jest zmniejszenie bolu [11/5,7,8,10,12,13]. W moim
badaniu zaobserwowatem znaczng redukcje bolu pooperacyjnego. Bol po artroerezie
moze wigzac si¢ z wyborem niewtasciwego rozmiaru implantu [11/4,12]. W oceniane;j
grupie badanej 22,22% pacjentéw stosowato przed operacjg leki przeciwbolowe; jed-
nakze zaden pacjent nie potrzebowat lekéw przeciwbdlowych po operacji, co swiad-

czy o dobrym wyniki leczenia i zmniejszenie nasilenia bolu po leczeniu.

Artroereza umozliwia szybkie obcigzanie konczyny oraz powrét do

aktywnosci fizyczne;.

Badania pokazujg rowniez brak istotnych réznic miedzy zakresem ruchu w
stawie skokowym po zabiegu w poréwnaniu z przedoperacyjnymi warto$ciami, co
s$wiadczy o dobrych wynikach po leczeniu stopy ptasko-koslawej z zastosowaniem
sruby skokowej Spherus. W przeciwienstwie do zabiegdw osteotomii klinowej 1
artrodezy, artroereza jest odwracalng metodg leczenia, ktora pomaga zachowac
pewien zakres ruchu w stawie podskokowym [II/1]. Z drugiej strony implanty zatoki

stepu mogg powodowac przykurcze migs$ni strzatkowych u 3—10% pacjentow [11/1].

Zastosowanie sruby implantowanej do kosci skokowej pozwala na wykonanie
w przysztosci innych operacji stopy lub stawu skokowego. Procedury wydtuzania lub

przenoszenia $ciggien, osteotomii lub artrodezy mozna wykonywa¢ bez ograniczen.
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6. Wnioski

1. Zastosowanie Sruby Spherus w leczeniu objawowej stopy ptasko-koslawe;j
wykazato zmniejszenie bolu, poprawe poziomu aktywnosci fizycznej i sportowej
oraz brak wptywu na zakres ruchu po zabiegu w poréwnaniu z danymi

przedoperacyjnymi.

2. Zastosowanie $ruby Spherus wplywa na poprawe parametrow radiologicznych u

pacjentow ze stopa ptasko koslawa po operacji oraz daje mato powiktan.

3. Artroereza ze $rubg skokowa Spherus pomaga poprawi¢ parametry chodu po
zabiegu. Po operacji zaobserwowano zwigkszong szybkos$¢ chodu oraz kadencje.
Krotkoterminowe wyniki biomechaniczne leczenia objawowej stopy ptasko-koslawe;j

srubg skokowg sg dobre.
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8. Streszczenie w jezyku polskim

Stopa ptasko-koslawa jest czestym problemem w ortopedii, wystepujacym zaréwno
w formie bezobjawowej, jak 1 objawowej. Czestos¢ jej wystepowania jest rozna 1 w
zaleznos$ci od badanej populacji moze wynosi¢ od 2,7% do 59%. Brak leczenia
objawowej stopy plasko-koslawej moze prowadzi¢ do powaznych problemow w
przysztos$ci, takich jak chod z utykaniem, bol 1 deformacje stopy, nerwiak Mortona
czy zmiany zwyrodnieniowe stawu skokowego. Nie byto dotad prac oceniajgcych
zastosowanie Sruby skokowej Spherus w leczeniu objawowej stopy ptasko-koslawe;.
Cele pracy

Kompleksowa ocena kliniczna,funkcjonalna i radiologiczna pacjentéw przed 1 po
operacji objawowej stopy ptasko-koslawej z uzyciem §ruby Spherus. Prospektywna
analiza chodu pacjentow przed i po leczeniu operacyjnym $rubg Spherus objawowe;j
stopy ptasko-koslawe;j.

Material i metody

W latach 2021-2022, przeprowadzono 35 zabiegdw artroerezy z uzyciem sruby
skokowej Spherus w naszej klinice. Ostatecznie do badania zakwalifikowano 27
pacjentow (11 kobiet 1 16 m¢zczyzn) w wieku od 7 do 14 lat (Sredni wiek 10,5 roku).
U pacjentdw z ograniczonym zgi¢ciem grzbietowym stopy do 5-10 stopni wykonano
jednoczesne wydtuzanie $ciggna Achillesa (tzw. plastyka ,,Z2”), co dotyczyto 37%
pacjentdw. Oceniano rozne parametry, w tym poziom aktywnosci fizycznej,
parametry radiologiczne (kat Meary’ego, kat Costa-Bartani, kat nachylenia kos$ci
pigtowej), czas trwania operacji, dtugos¢ pobytu w szpitalu, satysfakcje pacjentow,
powiktania pooperacyjne, przed- i pooperacyjne stosowanie srodkow
przeciwbdlowych oraz wykonano analiz¢ biomechaniki chodu (czas trwania cyklu
chodu, dtugos¢ kroku, fazy podporu i wymachu, kadencje 1 predkos$¢ chodu).
Wyniki

Kat Meary'ego zmniejszyt si¢ z 18,63° przed operacja do 9,39° podczas ostatnie;j
wizyty kontrolnej. Kat Costa-Bartani zmniejszyt si¢ istotnie z 154,66° przed operacja
do 144,58° po operacji. Zaobserwowano istotng statystycznie poprawe wynikow w
skali aktywnosci UCLA ze sredniego wyniku 4,78 przed operacja, do sredniego
wyniku 6,05 w odleglej obserwacji. Nastgpita znaczaca poprawa w wynikach
aktywnosci fizycznej w skali aktywnos$ci VAS ze $redniego wyniku
przedoperacyjnego wynoszacego 5,47 do 7 w okresie obserwacji. Poziom bélu
rowniez wykazat poprawe, zmniejszajac si¢ w poréwnaniu ze Srednim wynikiem
VAS wynoszacym 4,73 przed operacja do sredniego wyniku 2,73 w okresie
obserwacji. Wyniki funkcjonalne oceniane w skali FFI-R rowniez wykazaty istotng
poprawe ze sredniego wyniku wynoszacego 140 punktow przed operacjg do 97,75
punktow w kontroli odlegtej. Zgiecie grzbietowe stawu skokowego wzrosto ze
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srednio 22° przed operacja do $srednio 25,33° w czasie obserwacji. Porownanie
przedoperacyjnych i kontrolnych wartos$ci zakresu zgiecia podeszwowego,
przywiedzenia i odwiedzenia stawu skokowego operowanej konczyny nie wykazato
istotnych zmian w zakresie poszczegolnych parametrow.

Dyskusja

Artroereza, jako minimalnie inwazyjna procedura, polega na czasowym
zablokowaniu stawu skokowego dolnego poprzez umieszczenie ruchomego implantu
do zatoki stepu. Implanty te wplywaja réwniez na propriocepcje, co jest istotne ze
wzgledu na mechaniczne dziatanie na liczne proprioceptory znajdujace si¢ w zatoce
stepu. Najlepsze wyniki chirurgiczne osiaga si¢ u pacjentow w wieku 7-14 lat. Ze
wzgledu na minimalnie inwazyjny charakter zabiegu, niskie koszty oraz niewielkie
ryzyko powiktan, artroereza jest akceptowang metoda leczenia objawowej stopy
ptasko-koslawej. Nie ma konsensusu co do techniki artroerezy; niektdrzy autorzy
zalecaja stosowanie ruchomych implantow zatokowo-stepowych, inni preferujg sSruby
pictowe. Jednak systematyczny przeglad wykazat, ze implanty kosci pigtowej maja
nieco mniejszy odsetek powiktan i lepsze rezultaty. Wprowadzenie §ruby Spherus do
kosci skokowej stabilizuje jej podstawe, rozktada cigzar ciala na wigksza
powierzchni¢ 1 zmniejsza ryzyko migracji implantu.

Wyniki moich badan pokazaty poprawe parametrow radiologicznych oraz
klinicznych 1 funkcjonalnych po leczeniu objawowej stopy-ptasko koslawej sruba
Spherus.

W badaniu oceniono i przeanalizowano poziom aktywnosci fizycznej pacjentow
przed 1 po operacji. Wyniki wskazuja na wzrost predkosci chodu, wartosci kadencji
oraz skrécenie czasu cyklu chodu na kofczynie operowanej. Poprawily si¢ takze
parametry biomechaniczne chodu, co moze wskazywac¢ na znormalizowang anatomi¢
stopy, zwigkszony zakres ruchu oraz zmniejszone dolegliwosci bélowe po leczeniu
srubg Spherus. Znaczaca poprawa poziomu aktywnosci fizycznej po leczeniu byta
Zwigzana ze zmniejszeniem bolu oraz mniejszg deformacja stopy.

Whioski

Wyniki badan wskazujg na skuteczno$¢ artroerezy z uzyciem sruby Spherus w
leczeniu objawowej stopy plasko-koslawej. Procedura ta poprawia biomechanike
chodu, zmniejsza dolegliwos$ci bolowe oraz zwigksza poziom aktywnosci fizycznej
pacjentéw. Pomimo braku konsensusu co do najlepszej techniki artroerezy,
zastosowanie $ruby Spherus przynosi obiecujgce rezultaty, stabilizujgc ko$¢ skokowa
1 rozktadajac obcigzenia ciata, co moze przyczynic si¢ do lepszych wynikow leczenia
1 zadowolenia pacjentow.
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9. Abstract

Pes planovalgus is a common issue in orthopedics, occurring in both asymptomatic
and symptomatic forms. Its prevalence varies and can range from 2.7% to 59%,
depending on the studied population. Lack of treatment for symptomatic pes
planovalgus can lead to serious future problems, such as limping, pain and foot
deformities, Morton's neuroma, or degenerative changes in the ankle joint. There
have been no studies evaluating the use of the Spherus screw in the treatment of
symptomatic pes planovalgus.

Objectives

A comprehensive clinical, functional, and radiological assessment of patients before
and after surgery for symptomatic pes planovalgus using the Spherus screw. A
prospective analysis of gait in patients before and after surgical treatment with the
Spherus screw for symptomatic pes planovalgus.

Material and Methods

From 2021 to 2022, 35 arthroereisis procedures using the Spherus screw were
performed at our clinic. Ultimately, 27 patients (11 females and 16 males) aged 7 to
14 years (mean age 10.5 years) were included in the study. In patients with limited
dorsal foot flexion of 5-10 degrees, simultaneous Achilles tendon lengthening (the so-
called "Z" plasty) was performed, affecting 37% of patients. Various parameters were
assessed, including the level of physical activity, radiological parameters (Meary’s
angle, Costa-Bartani angle, calcaneal pitch angle), surgery duration, hospital stay
length, patient satisfaction, postoperative complications, pre- and postoperative use of
painkillers, and biomechanical gait analysis (gait cycle duration, step length, stance
and swing phases, cadence, and walking speed).

Results

Meary’s angle decreased from 18.63° preoperatively to 9.39° at the last follow-up
visit. The Costa-Bartani angle significantly decreased from 154.66° preoperatively to
144.58° postoperatively. There was a statistically significant improvement in the
UCLA activity scale, with a mean score of 4.78 before surgery and a mean score of
6.05 at the distant follow-up. There was a significant improvement in physical
activity scores on the VAS scale, from a mean preoperative score of 5.47 to 7 at
follow-up. Pain levels also showed improvement, decreasing from a mean VAS score
of 4.73 preoperatively to a mean score of 2.73 at follow-up. Functional results
assessed by the FFI-R scale also showed significant improvement from a mean score
of 140 points preoperatively to 97.75 points at distant follow-up. Dorsiflexion of the
ankle joint increased from an average of 22° preoperatively to an average of 25.33° at
follow-up. Comparison of preoperative and follow-up values for plantar flexion,
adduction, and abduction of the ankle joint in the operated limb showed no
significant changes in the respective parameters.

41



Discussion

Arthroereisis, as a minimally invasive procedure, involves temporarily blocking the
subtalar joint by placing a movable implant into the sinus tarsi. These implants also
affect proprioception, which is significant due to the mechanical action on the
numerous proprioceptors located in the sinus tarsi. The best surgical outcomes are
achieved in patients aged 7-14 years. Due to the minimally invasive nature of the
procedure, low costs, and low risk of complications, arthroereisis is an accepted
method of treating symptomatic pes planovalgus. There is no consensus on the
technique of arthroereisis; some authors recommend the use of mobile sinus tarsi
implants, while others prefer heel screws. However, a systematic review has shown
that heel implants have a slightly lower complication rate and better outcomes. The
introduction of the Spherus screw into the talus stabilizes its base, distributes body
weight over a larger area, and reduces the risk of implant migration. My study results
showed improvements in radiological, clinical, and functional parameters after
treatment of symptomatic pes planovalgus with the Spherus screw.

The study evaluated and analyzed the level of physical activity in patients before and
after surgery. The results indicate an increase in walking speed, cadence values, and a
shortening of the gait cycle time on the operated limb. Biomechanical gait parameters
also improved, which may indicate normalized foot anatomy, increased range of
motion, and reduced pain after treatment with the Spherus screw. The significant
improvement in physical activity levels after treatment was associated with reduced
pain and less foot deformation.

Conclusions

The study results indicate the effectiveness of arthroereisis using the Spherus screw in
the treatment of symptomatic pes planovalgus. This procedure improves gait
biomechanics, reduces pain, and increases patients' physical activity levels. Despite
the lack of consensus on the best arthroereisis technique, the use of the Spherus screw
yields promising results, stabilizing the talus and distributing body weight, which
may contribute to better treatment outcomes and patient satisfaction.
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Abstract: Background: There have been no reports on arthroereisis screw insertion into the talus
in patients with flexible flatfoot. We aimed to conduct a clinical and radiological assessment in
patients with symptomatic pes planovalgus deformity treated with a talar screw. Methods: This
study involved a prospective assessment of 27 patients treated surgically for symptomatic flexible
flatfoot deformity in the period 2021-2022. The following parameters were assessed in this study:
Meary’s angle, the Costa—Bartani angle, the calcaneal pitch angle, surgery duration, the length of
hospital stay, patient satisfaction, patients’ retrospective willingness to consent to the treatment
they received, postoperative complications, and the use of analgesics. Results: The mean follow-up
period was 14.76 months. Meary’s angle decreased from 18.63° before surgery to 9.39° at follow-
up (p=0.004). The Costa—Bartani angle decreased significantly from 154.66° before surgery to
144.58° after surgery (p = 0.012). The calcaneal pitch angle changed from 16.21° before to 19.74°.
Complications were reported in three patients (11.11%). The mean surgery duration was 32 min.
The mean hospital stay was 2.2 days. Fourteen patients (51.85%) were highly satisfied with the
treatment, and 12 patients (44.44%) were quite satisfied with treatment. Twenty-five (92.59%) of the
evaluated patients would choose the same type of treatment again. Six patients (22.22%) needed to
use analgesics prior to surgical treatment, whereas none of the patients needed to use them by the
final follow-up. Conclusion: Spherus screw arthroereisis helps improve radiological parameters in
patients with flexible flatfoot. We observed good clinical outcomes after treatment with a talar screw,
with a majority of patients reporting moderate-to-high levels of satisfaction with treatment. Both
short- and medium-term treatment outcomes of pes planovalgus treatment with the use of Spherus
screw are good.

Keywords: flexible flatfoot; pes planovalgus; arthroereisis; symptomatic flatfoot; radiological; clinical

1. Introduction

A flatfoot (pes planovalgus) is a common problem encountered by orthopedic sur-
geons [1-22]. Depending on the evaluated population, the estimated prevalence of pes
planovalgus ranges from 2.7% to 59% [1,5,6,14,15]. Asymptomatic pes planovalgus does
not require surgical treatment. However, symptomatic flatfoot may produce pain in the
tarsal sinus and medial part of the foot, leg, and knee, limping or other gait disturbances,
and limited exercise capacity, which may be associated with problems with footwear, daily
activities, and sports [1,2,5-7,10,11,13-18]. Symptomatic pes planovalgus with accom-
panying pain, which affects approximately 2-14.2% of all flatfoot cases, is an indication
for surgical treatment [1-7,10-12,14-22]. There are a number of approaches used in the
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treatment of symptomatic pes planovalgus [1-22]. One technique, subtalar arthroereisis
(a minimally invasive propping up of the talocalcaneal joint), involves the use of expand-
able sinus tarsi implants or calcaneal screws. Another technique involves introducing a
fibular bone graft into the space between the calcaneus and talus. There are also correc-
tive procedures involving calcaneal or talar wedge osteotomy, tendon transfer, tendon
lengthening, gastrocnemius muscle or Achilles’ tendon release, and subtalar, talonavicular,
or calcaneocuboid arthrodesis [1-22]. Earlier arthoereisis techniques involved the inser-
tion of various screws into the calcaneus or the placement of an expandable implant into
the sinus tarsi [1,2,4-11,14-22]. Until recently, there have been no reports on arthroerei-
sis screw insertion into the talus. Marketed several years ago, the Spherus talar screw
(Gruppo Bioimpianti S.R.L., Italy) had been designed as a sinus tarsi plug to be introduced
through the sinus tarsi into the talus. This is a novel surgical technique, whose outcomes
have not yet been reported in the literature. Viewed from a biomechanical perspective,
the Spherus screw is a self-locking wedge implant that, once placed in the talus, limits
hindfoot eversion.

Apart from pain reduction, pes planovalgus treatment aims to improve foot function,
radiological parameters, and gait by ensuring a physiological position of the foot under
weight-bearing conditions [2,5-10,12].

Pes planovalgus treatment requires both functional and radiological
assessments [1-5,7-10,14-19,22]. There has been no consensus on the preferred type of
implant to be used for arthroereisis [1-22]. Earlier studies evaluated selected radiologi-
cal and functional parameters following surgical treatment with the use of calcaneal
implants [1,2,4,9,10,20,21], expandable sinus tarsi implants [5,8,14-16,19-21], or a fibu-
lar bone graft inserted between the talus and calcaneus [3]. Li et al., who evaluated
30 patients, reported good clinical and radiological outcomes following arthroereisis
combined with soft-tissue procedures [17]. Vogt, who compared three types of implants
(two expandable sinus tarsi implants and one calcaneal implant), reported comparable
clinical and radiological outcomes with all three implant types [20]. Paolo et al. ob-
served a greater improvement in foot mobility following the use of an endo-orthotic
than a calcaneal implant [21]. A systematic review on arthoereisis showed a slightly
lower rate of complications and better results with the use of calcaneal implants in
comparison with other implant types [22].

We hypothesized that the use of a talar screw in patients with symptomatic planoval-
gus foot deformity would yield superior clinical and radiological outcomes.

Due to the lack of earlier studies on this topic, we aimed to conduct clinical and
radiological assessments in patients with symptomatic pes planovalgus deformity treated
with a talar screw.

2. Material and Methods

This study involved a prospective assessment of patients treated surgically for symp-
tomatic flexible flatfoot deformity in the period 2021-2022. The study inclusion criteria
were symptomatic flexible flatfoot, treatment via arthroereisis with the Spherus talar screw
(Gruppo Bioimpianti S.R.L., Milan, Italy), age 7-14 years, informed assent, complete medi-
cal and radiological records, and a follow-up period of at least 12 months. The diagnosis of
symptomatic flexible pes planovalgus was corroborated by the patient’s history, clinical
examination, and radiological imaging. All evaluated patients had received conservative
treatment, including rehabilitation and shoe inserts. All patients exhibited hindfoot ever-
sion and medial longitudinal arch collapse and experienced foot pain and problems with
gait. Study exclusion criteria were other lower limb pathologies (such as cerebral palsy,
tarsal coalition, other foot deformities, or rheumatoid joint disease), history of foot surgery,
neurological conditions, history of foot injuries, incomplete medical or radiological records,
a lack of informed assent, or a follow-up period shorter than 12 months. This study was
approved by the local ethics committee. All patients and their legal guardians were in-
formed of the voluntary nature of their participation in this study. Thirty-five arthroereisis
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procedures with the use of the Spherus talar screw were conducted in our center in the
years 2021 and 2022, Figure 1.
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Figure 1. Radiologic images after pes planovalgus correction with the Spherus screw.

The application of the inclusion and exclusion criteria left 27 patients who were treated
for pes planovalgus deformity as part of this study. The study group comprised 16 males
and 11 females aged 7-14 years (mean age 10.5 years).

All study surgeries were performed by one of two experienced orthopedic surgeons
and were conducted under general anesthesia and regional hemostasis. The patients were
positioned prone, and an oblique, 1-2 cm-long incision was made along skin tension lines
on the lateral aspect of the foot, at the level of the sinus tarsi, Figure 2.

Figure 2. Intraoperative image of the surgical access site for Spherus screw insertion.
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Once the subcutaneous tissue was incised, the soft tissues of the sinus tarsi were
dissected away with scissors to expose the inferior surface of the talus. With the foot
maximally inverted and held at the right angle, as ensured via fluoroscopy, a pilot hole
for the screw was created in the inferior surface of the talus using a straight awl. The
awl was directed obliquely (medially and slightly proximally). Once the pilot hole was
created, the appropriate screw was selected, with its length and diameter dependent on the
patient’s age, the size of the patient’s talus, and the length of the patient’s foot. With the awl
withdrawn and the patient’s foot held steadily at the right angle in maximum inversion,
the selected screw was inserted into the prepared pilot hole. The screw was advanced,
under fluoroscopy, until the desired degree of correction was achieved, with the spherical
bulge of the screw protruding into the sinus tarsi and resting against its floor and walls.
The surgical wound was then sutured and closed in layers. Concomitant lengthening of the
Achilles tendon (Z-plasty) was performed in 36.36% of patients. The indication for Achilles
tendon lengthening was a dorsiflexion of less than 5-10 degrees in the neutral position of
the foot [1,2,5,14,15]. Full weight bearing was allowed on day one after surgery. In the case
of concomitant Achilles tendon lengthening, the limb was immobilized in a short leg cast
for 6 weeks. The patients were discouraged from strenuous exercise and sports during the
first 6 weeks after surgery [7,11]. The rehabilitation protocol was the same for all patients
and was initiated either at 6 weeks after surgery or on day one after surgery in patients
with and without Achilles tendon lengthening, respectively. All patients were taught how
to walk with crutches; the rehabilitation protocol also involved both passive and active
exercises of the foot and the ankle joint.

All patients underwent a clinical examination and radiological imaging and completed
a questionnaire.

The following parameters were assessed in this study: Meary’s angle, the Costa—
Bartani angle, the calcaneal pitch angle, surgery duration, the length of hospital stay, patient
satisfaction, patients’ retrospective willingness to consent to the treatment they received,
postoperative complications, and the preoperative and postoperative use of analgesics.

Meary’s angle, measured on a lateral X-ray view of the foot, is the angle between the
line drawn along the longitudinal axis of the talus (i.e., the mid-talar axis) and that along
the longitudinal axis of the first metatarsal (i.e., the first metararsal axis) [4,7,15]. The Costa—
Bartani angle, also measured on a lateral view of the foot, is the angle between the lines
connecting three points: the lowermost point of the medial sesamoid, the lowermost point
of the posterior calcaneal tuberosity, and the lowermost point of the talonavicular joint [4,7].
In order to mark the calcaneal pitch angle, a line was drawn from the inferior border of the
distal articular surface of the calcaneus to the plantar surface of the calcaneus. The angle
formed between this line and the transverse plane was the calcaneal pitch angle [4,7,15].
Postoperative complications were assessed based on the patients” accounts, a review of
records, clinical examination, and radiological imaging. The following complications were
evaluated: persistent pain, limited range of motion, edema, infection, delayed wound
healing, screw breakage or loosening, the lack of achieved correction, hypercorrection (i.e.,
a varus foot), and the need for reoperation or early implant removal. The duration of
surgery was measured in minutes. The length of hospital stay was measured in days. The
degree of patient satisfaction with the treatment was rated as “highly satisfied”, “satisfied”,
or “dissatisfied”. We assessed how many patients would choose the same treatment method
again and how many patients were taking analgesic agents (paracetamol, NSAIDs, and
tramadol) prior to surgery and at the final follow-up visit.

Statistical Analysis

Data were analyzed using the Statistica 13.1 software. The Shapiro-Wilk test was
used to check for normality of distribution. The Student’s ¢-test and Mann-Whitney U test
were used to compare quantitative variables. The level of statistical significance was set at
p <0.05.
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3. Results

The mean follow-up period was 14.76 months (ranging from 12 to 26 months). Meary’s
angle decreased from 18.63° before surgery to 9.39° at the final follow-up visit, Table 1. The
difference was statistically significant (p = 0.004).

Table 1. Radiological parameters before and after surgery.

Analyzed Variable Before Surgery After Surgery p Value
Mean + Standard Deviation

Meary’s angle (degrees) 18.63 £ 7.71 9.39 £ 6.85 0.004 *

Costa—Bartani angle (degrees) 154.66 + 5.98 144.58 +14.83 0.012 **

Calcaneal pitch (degrees) 16.21 £+ 4.41 19.74 £7.33 0.275 **

* Student’s t-test; ** Mann—-Whitney U test.

Costa—Bartani angle decreased significantly from 154.66° before surgery to 144.58°
after surgery, Table 1 and Figure 3 (p = 0.012).
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Figure 3. Preoperative and postoperative Costa—Bartani angle values.

The calcaneal pitch angle changed from 16.21° before to 19.74° after surgery; this
difference was not significant, Table 1.

Complications were reported in three patients (11.11%). In each of these three cases,
the nature of the complications was pain in the operated foot, which was treated with
rehabilitation, shoe inserts, and ice packs. None of the patients experienced a limited range
of motion, edema, infection, delayed wound healing, screw breakage or loosening, lack
of deformity correction, hypercorrection (foot varus), the need of reoperation, the need of
early screw removal, or any other complications.



J. Clin. Med. 2023, 12, 5038

60f11

The mean surgery duration was 32 min (SD 8.65). The mean hospital stay lasted
2.2 days (SD 0.41).

Fourteen patients (51.85%) were highly satisfied with the treatment, and 12 patients
(44.44%) were satisfied with treatment, whereas one patient (3.7%) was dissatisfied with
the treatment.

Twenty-five (92.59%) of the evaluated patients would choose the same type of treat-
ment again.

Six patients (22.22%) needed to use analgesics prior to surgical treatment, whereas
none of the patients needed to use them at final follow-up.

4. Discussion

This study assessed clinical and radiological parameters, both of which improved
after surgical treatment of pes planovalgus with a talar screw, which supports our
research hypothesis.

Due to its high prevalence, symptomatic pes planovalgus deformity in children is an
important problem both for the patients themselves and the orthopedic surgeons [1-22].
There have been a number of reported surgical techniques for the treatment of pes planoval-
gus [1-22]. The lack of reports on the outcomes of talar screw placement through the sinus
tarsi, including the placement of the Spherus talar screw, in patients with symptomatic pes
planovalgus prompted us to study this topic. In assessing the outcomes of foot deformity
treatment, it is important to consider multiple parameters, including both clinical and
radiological aspects [1-4,8-10,14-18,21,22].

Flatfoot deformity is also diagnosed and treated in adults [23,24]. Like in children,
the diagnosis is based on an X-ray under weight-bearing conditions [23,24]. Additionally,
ultrasound may be used to assess any impairment of the tibialis anterior muscle and other
soft tissues [23]. Computed tomography is used for detailed bone deformity assessment and
preoperative and postoperative radiographic parameter analysis [23]. However, computed
tomography scans are seldom used in children with symptomatic flexible flatfoot due to
the high doses of ionizing radiation and the need to sedate very young children to perform
the scan. Subtalar arthroereisis performed in adult patients has been reported to improve
clinical and radiological outcomes [24]. However, unlike children, adults experience high
rates of complication after treatment with this technique [24].

Jerosch assessed the outcomes of 21 arthroereisis procedures with a calcaneal screw [1].
The mean preoperative Meary’s angle of 162° significantly increased to 174° after surgery [1].
Kubo et al. analyzed the treatment of 95 patients with pes planovalgus [2]. The mean
preoperative Meary’s angle of 18.9-19.5° decreased significantly to 13.3°-16.1° after the
surgery [2]. Leonchuk et al. assessed 52 children after subtalar arthroereisis with the use of
a fibular bone graft [3]. The mean preoperative and postoperative Meary’s angles in this
population were 32.8° and 4.1°, respectively [3]. In another study, Arbab et al. evaluated
73 feet after arthroereisis procedures performed with a calcaneal screw [4]. In that study, the
mean preoperative and postoperative Meary’s angles were 11.2° and 5.5°, respectively [4].
In another study, patients treated with expandable sinus tarsi implants achieved Meary’s
angle reduction from the mean value of 22.4° before to 8.4° after surgery [5]. In a group
of 84 feet assessed by Elmarhgany et al. Meary’s angle was 26.04° before and 3.3° after
surgery [9]. Wang et al. reported a preoperative Meary’s angle of 24.4° and the postopera-
tive angle of 5.3° [15]. In our study, we achieved a significant reduction in Meary’s angle
from 18.63° preoperatively to 9.39° postoperatively, which is consistent with data from the
literature [2-5,9,15].

Arbab et al. reported the mean Costa—Bartani angle of 133.1° preoperatively and
129.2° postoperatively [4]. Elmarhgany achieved a reduction in the mean Costa—Bartani
angle from 151° to 127° [9]. A group of 68 patients evaluated by de Retana had the mean
preoperative Costa—Bartani angle of 144.9° and the postoperative angle of 127.5° [14].
In our study, we achieved a significant reduction in the mean Costa—Bartani angle from
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154.66° before to 144.58° after surgery, which is consistent with the data reported in the
literature [4,9,14].

The mean calcaneal pitch angle in the group assessed by Kubo increased from 6.7°-12.7°
before surgery to 8.8°-14.3° after surgery [2]. The group evaluated by Arbab et al. had the
mean preoperative calcaneal pitch angle of 14.3° and the postoperative angle of 17.6° [4].
The patients assessed by de Bot et al. had the mean preoperative and postoperative
calcaneal pitch angles of 11.7° and 14.5°, respectively [5]. Elmarhgany reported the calcaneal
pitch angles of 6.97° and 23.9° before and after surgical treatment, respectively [9]. The
preoperative and postoperative calcaneal pitch angles measured in a study by Wang et al.
were 13.5° and 18.9°, respectively [15]. The increase in calcaneal pitch angle values from
16.21° preoperatively to 19.74° postoperatively observed in our study is consistent with the
relevant data reported in the literature [2,4,5,9,15].

The reported complication rate following fibular bone graft was 6.9%, with one case
(1.72%) of graft migration which required reoperation [3]. Arbab et al. observed compli-
cations in 1.3% of evaluated cases, with the nature of the complications including loss of
correction and screw loosening [4]. Six out of 26 feet (23%) treated with Kalix II arthroereisis
required revision surgery due to implant migration [5]. The rates of arthroereisis compli-
cations reported in the literature range from 4.8% to 18.6% [6]. Another literature review
on arthroereisis with the use of bioabsorbable implants showed the rates of complications
ranging from 2% to 65% [7]. Hong et al. reported complications in 20.5% of patients treated
with an interference screw, with no cases of screw breakage or migration [8]. Elmarhgany
reported complications in 3.57% of the operated feet [9]. The complications reported by
Elbarbary et al. affected 4.35% of the evaluated group and included one case of infection
that required implant removal after 4 months [10]. The complication rate in the group of
41 patients assessed by Franz et al. was 19.5% [12]. Martinelli reported complications in
10.2% of patients, with 6% of patients experiencing persistent pain that necessitated implant
removal, 2% of patients experiencing residual deformity, and 2% of patients experiencing
sports activity limitations [13]. De Retana reported complications in 33.8% of patients [14].
These included undercorrection (11.8%), overcorrection (7.4%), Achilles tendon contracture
(5.9%), pain (5.9%), and peroneal tendon contracture (2.9%) [14]. Wang observed a 25.8%
rate of complications in a group of 31 patients, with six patients reporting pain, one patient
requiring implant removal, and one patient experiencing implant migration [15]. The rate
of complications observed in our study was 11.11%. All complications were in the form
of postoperative pain, which we consider to be a mild complication. In all cases, the pain
resolved following rehabilitation and the use of shoe inserts and ice packs. We did not ob-
serve any serious complications, such as movement limitations, infection, delayed wound
healing, screw breakage or loosening, lack of deformity correction, or hypercorrection (foot
varus). Such serious complications have been reported by other authors [3-5,10,13-15].
Moreover, in our study, there were no cases requiring reoperation or implant removal. In
light of these observations, our study results appear to be somewhat better than those
reported in the literature [3-10,12-15,20]. With our study follow-up limited to short- and
medium-term only; however, we are aware of the possibility of new complications emerg-
ing over the course of a longer follow-up. These might be more serious complications
requiring additional treatment and, possibly, reoperation.

The mean duration of surgery reported by Elmarhgany was 20 min [9]. In another
study, which involved subtalar arthroereisis, the mean duration of surgery was 46.1 min [15].
In our group of patients, the mean surgery time was 32 min, which is similar to the values
reported in the literature [9,15] and indicates a relatively short surgery duration.

To date, there have been no studies evaluating the mean duration of hospital stay after
an arthroereisis procedure. In our study, the mean hospital stay lasted 2.2 days, which
indicates relatively short hospitalizations.

Ninety-five percent of patients who underwent arthroereisis with a calcaneal screw
were either satisfied or highly satisfied with the results of treatment [4]. Overall satisfaction
with treatment was also expressed by 81.25% of patients treated with expandable sinus tarsi
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implants [5]. Martinelli assessed 49 patients treated with expandable sinus tarsi implants
and reported 89% of patients being satisfied with the treatment [13]. Out of 68 patients
evaluated by de Retana, 91% were highly satisfied or satisfied with treatment [14]. In our
study, 96.3% of patients reported being highly satisfied or satisfied with treatment, which
is consistent with the proportions reported by other authors [4,5,13,14] and indicates good
patient-reported treatment outcomes.

Ninety-six percent of patients assessed by Arbab et al. would choose the same treat-
ment method once again if the need arose [4]. In our study, 92.59% of patients would
choose the same treatment method again, which is consistent with the data reported by
other authors [4].

There have been no available reports on the use of analgesics by patients undergoing
arthroereisis. In our study group, 22.22% of patients used analgesics before the surgery;
however, no patients needed analgesics after the surgery, which indicates good treatment
outcomes and a reduced pain severity after treatment.

Arthroereisis is intended to limit subtalar joint pronation and to achieve a physiologi-
cal position of the foot under weight-bearing conditions via inserting an implant into the
sinus tarsi [1,2,7,10,13]. Implant size selection is very important for this procedure [7,14,15].
An implant that is too large may excessively limit subtalar joint mobility and cause pain,
whereas an implant that is too small will not ensure a complete correction of the deformity
and may become loose [7,14,15]. The exact mechanism in which arthroereisis improves foot
function and biomechanics has not been fully explored [2]. Arthroereisis restricts calcaneal
eversion, which limits calcaneal valgus [2,14]. The implants also improve proprioceptive
perception [2]. The sinus tarsi contains many nerve endings, which makes implant insertion
affect neurological proprioception as a result of foot anatomy alteration [2]. Overweight
and ankle joint space valgus deformity may adversely affect arthroereisis treatment out-
comes [2,3]. Our study showed that the introduction of the Spherus talar screw through
the sinus tarsi helps achieve outcomes comparable with those achieved with calcaneal
screws. Arthroereisis with the use of the Spherus talar screw permits active heel inversion
but blocks excessive heel eversion, which limits such complications as implant loosening
or migration [10].

The use of the Spherus talar screw seems to have several advantages over techniques
involving calcaneal screws or sinus tarsi implants. First, there is a lower risk of screw
loosening or migration. In our study, there were no cases of Spherus screw loosening
or migration, whereas other authors reported such complications with calcaneal screws
(loosening or migration rates of 1.72%) [3] and sinus tarsi implants (migration rates of 3.2%
to 23%) [5,15]. The absence of reports of Spherus screw loosening or migration may be due
to several factors, which are, first, the special conical shape of the screw, second, a relatively
large diameter of the screw (in comparison with the diameters of calcaneal screws), and
third, a large diameter of the thread facilitating screw introduction into cancellous bone;
these structural characteristics of the Spherus screw ensure its larger contact area with
the bone and its superior stability inside the bone in comparison with calcaneal screws.
Moreover, screw introduction into the talus, instead of the calcaneus, may be associated
with lesser forces acting on the screw during full weight bearing. Another advantage of
using the Spherus screw is the fact that it does not have to be removed over the mean
follow-up period of 14.76 months. Conversely, arthroereisis with the use of calcaneal screws
or sinus tarsi implants required implant removal due to pain, inflammation, or implant
migration in 1.2%—-40% of patients after 4 months-8 years [3,5-7,9,10,13-15,20]. All patients
after subtalar arthroereisis with fibular bone graft required another surgery to remove the
Kirschner wire from the foot after a mean period of 7 months following the first surgery [3].

The time to implant removal and the need for its removal after subtalar arthrodesis has
not been unequivocally established [6,7,14]. Some authors suggest leaving the implant in for
2-3 years, which is the time required for adequate soft tissue and bone adaptation [6,7,14].
Following surgery with the use of the Spherus talar screw, patients were allowed to
walk with full weight bearing on day one after surgery. Conversely, some of the other
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surgical techniques require partial weight bearing for 2-8 weeks and the use of a cast for
2-8 weeks [3,5,13-15].

Spherus screw arthroereisis is a very simple technique, and it allows early weight
bearing, uses a low-cost implant, and requires neither a large surgical access nor precise
tissue dissection in comparison with other techniques [3,8]; the mean surgery duration is
32 min. Some authors have reported talus avascular necrosis following arthroereisis [3];
however, this complication was not observed in our study group. Subtalar arthroereisis
with the Spherus screw does not disrupt bone growth, which is beneficial in case of the
potential need for osteotomy in the future [15].

Some authors described arthroereisis performed simultaneously with other surgical
procedures of the foot and ankle joint [1-3,8,10,12,14,15]. The most common concomi-
tant procedures (performed in 17%-100% of patients) were Achilles tendon lengthening
and gastrocnemius lengthening [1-3,5,10,12,14,15]. Achilles tendon and gastrocnemius
contractures are common in patients with flexible flatfoot. We believe that all cases of
Achilles tendon contracture require a tendon-lengthening procedure. In our study, 36.36%
of patients required Achilles tendon lengthening due to contracture. A study by Wang
suggests that the additional surgical procedure does not affect either the radiological or
clinical outcomes of subtalar arthroereisis [15].

The goal of pes planovalgus treatment is to improve clinical and radiological
parameters [2,5-10,19]. In our study, 96.3% of patients were highly satisfied or satis-
fied with treatment, and 92.59% of patients would choose the same treatment again.
Moreover, the assessed radiological parameters improved after talar screw surgery,
which suggests good treatment outcomes.

Limitations of our study include a relatively small sample size, which is a result of our
desire to conduct prospectively both the clinical and radiological assessments. Nonetheless,
other authors evaluated patient groups of similar size [1,5,8,10,15-17,19,21]. Another limi-
tation of our study was the mean follow-up duration; however, as reported in the literature,
most patients had normal foot function at four weeks after arthroereisis [11]. Some of the
other, similar studies had a follow-up period similar to that in our study [11,15,16,21]. Due
to its prospective nature, our study had no control group. We are planning to conduct
another study and this time with a control group.

The strengths of our study are its prospective design (while some of the earlier studies
were retrospective) [1,2,5,8,13,15,16,19,20], the fact that all surgeries were performed by
one of only two experienced orthopedic surgeons, and the fact that both radiological and
clinical parameters were assessed. We are planning a future study in a larger group of
patients treated with the use of a talar screw, with a longer follow-up. Another one of our
studies, whose results are soon to be published, involved gait assessment in a group of
patients of similar size.

5. Conclusions

The use of the Spherus talar screw is a simple, minimally invasive, and effective
method of treating symptomatic flexible flatfoot.

Spherus screw arthroereisis helps improve radiological parameters of patients with
flexible flatfoot.

We observed good clinical outcomes after treatment with a talar screw, with a majority
of patients reporting being satisfied or highly satisfied with treatment.

The short- and medium-term treatment outcomes of pes planovalgus treatment with
the use of the Spherus screw are good.
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Abstract: Background: Pes planovalgus, or flexible flatfoot, deformity is a common problem in
pediatric orthopedic patients. There is no consensus on using the technique of arthroereisis in the
treatment of symptomatic pes planovalgus. The aim of our study was to prospectively assess the
functional outcomes following symptomatic pes planovalgus treatment with the use of the Spherus
talar screw. Methods: Twenty-seven patients (11 females, 16 males), at a mean age of 10.5 years
(7-14 years) were included in the prospective study. We assessed the level of physical activity
(including sports) based on the University of California, Los Angeles (UCLA) activity scale, a 10-point
level-of-activity VAS scale, and the Grimby physical activity scale. Pain was assessed based on a
VAS pain scale; foot function was assessed with the revised Foot Function Index (FFI-R); and ankle
joint mobility was measured. Results: The mean follow-up period was 18 months (14-26 months).
There was a significant improvement in VAS-measured physical activity scores from 5.47 to 7 at
follow-up, p = 0.048. There was a significant improvement in UCLA activity scale scores from
4.78 to 6.05 at follow-up, p = 0.045. Pain levels decreased from a mean VAS score of 4.73 prior
to surgery to a mean score of 2.73 at follow-up, p = 0.047. The functional FFI-R scores showed a
significant improvement from 140 points prior to surgery to 97.75 points at follow-up, p = 0.017.
Comparison of the preoperative and follow-up values of the range of plantar flexion, adduction, and
abduction in the operated limb also showed no significant changes in those individual parameters.
The mean values of dorsiflexion, plantar flexion, adduction, and abduction at the ankle joint at follow-
up, compared individually between the operated and non-operated foot showed no statistically
significant differences. Conclusions: The use of a talar screw in the treatment of symptomatic pes
planovalgus helps reduce pain and improve functional outcomes after treatment. Foot function
assessments showed diminished pain, improved levels of physical and sport activity, and no effect
on the range of motion after surgery in comparison with preoperative data. Arthroereisis with a talar
screw is a valid surgical technique for the treatment of symptomatic pes planovalgus.

Keywords: sport; function; pain; pes planovalgus; subtalar arthroereisis; Spherus screw

1. Introduction

Pes planovalgus, or flexible flatfoot, deformity is a common problem in pediatric or-
thopedic patients [1-22]. Asymptomatic cases are not an indication for
treatment [1,2,5-8,10,12,13,16,18-20,22]. However, the deformity may cause foot pain,
limping, asymmetric gait, pain in the ankle joint and leg, limitations in daily activities,
gait inefficiency, and limited sport activity [1-8,12,13,16,20,22]. The lack of treatment of
symptomatic pes planovalgus in pediatric patients may lead to the development of various
musculoskeletal conditions in adulthood; these conditions include hallux valgus defor-
mity, Morton’s neuroma, and degenerative lesions in the foot and ankle joint [2,23]. The
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initial approach to symptomatic pes planovalgus is conservative treatment continued for
3-6 months, which involves walking restrictions, rehabilitation, shoe inserts, body weight
reduction, and the use of analgesics [1,2,5-8,12,13,18,19,22]. If the conservative approach is
ineffective, surgical treatment is recommended [1,2,4-8,12,13,18-20,22].

There are many known techniques for surgical treatment used in cases of symptomatic
pes planovalgus [1-22]. These include arthroereisis, calcaneal or talar osteotomy, arthrode-
sis (of the calcaneocuboid, subtalar, and talonavicular joints), soft-tissue surgery, Achilles
tendon lengthening, gastrocnemius lengthening, tendon transfer, and arthroereisis [1-22].
Arthroereisis is a minimally invasive procedure involving the temporary blocking of the
subtalar joint through sinus tarsi implant placement, calcaneal screw insertion, or a small
wedge-shaped bone graft implantation between the talus and calcaneus [1-22]. The pur-
pose of arthroereisis is to limit foot pronation and forefoot abduction, provide lateral
support for the subtalar joint, and reduce hindfoot eversion [1-3,5,13,22]. Implant place-
ment helps increase both foot supination and forefoot adduction [3,13]. Implants used for
arthroereisis procedures also affect proprioception due to their mechanical effect on the
numerous proprioceptors found in the sinus tarsi [1-3,13,22]. The best surgical outcomes
have been reported for arthroereisis procedures conducted in patients aged 7-14 years; this
is because the implants affect the remodeling of the still growing talus and calcaneus and
the three-dimensional structure of the subtalar joint [2,4-6,8,10,12,13,21].

Since it is a minimally invasive, inexpensive, and time-efficient procedure with few
complications, arthroereisis is an accepted method of treatment for symptomatic pes
planovalgus, yielding high rates of patient satisfaction with treatment [1-3,5-9,19,22].
Nonetheless, there is no consensus on the technique of arthroereisis in the treatment
of symptomatic pes planovalgus [1,2,4,5,7,8,10,12,13,20]. Some authors suggest the use
of free-floating sinus tarsi implants [6,7,9], some advocate for inserting screws into the
calcaneus [3,8,13,15,16,19], still others report comparable outcomes irrespective of the
type of implant used [1,2,12,18]. The goals of arthroereisis procedure includes reduction
of pain and deformity, improvement of gait, and increase in physical activity and sport
activity [5,7,8,10,12].

In our previous study we assessed short-term and medium-term radiological and
clinical arthroereisis outcomes achieved with a talar Spherus screw, in the same group of
patients included in the current study [22]. We reported radiological improvement and
good clinical outcomes [22]. However, there is a paucity of studies assessing physical and
sport activity following arthroereisis [5].

To the best of our knowledge, there have been no studies assessing foot function, range
of motion in the ankle joint, pain severity, and patients’ physical and sport activity following
talar screw insertion as part of arthroereisis treatment of symptomatic pes planovalgus.
Some studies on arthroereisis are retrospective in nature [1,3-7,12-15,19]; therefore, we
undertook a prospective assessment.

We hypothesized that arthroereisis with the use of a talar implant would improve
functional outcomes.

The aim of our study was to prospectively assess the functional outcomes following
symptomatic pes planovalgus treatment with the use of a Spherus talar screw.

2. Materials and Methods

This was a prospective study conducted at a single center. We analyzed every patient
with pes planovalgus who underwent arthroereisis with a Spherus talar screw in the period
between 2021 and 2022. All patients underwent physical and radiological examinations
and were diagnosed with symptomatic pes planovalgus based on the following signs
and symptoms: foot pain, flexible flatfoot deformity, a talocalcaneal angle (kite angle) of
>40 degrees measured on a weight-bearing foot radiograph [1-3,5,19]. All analyzed patients
had undergone initial conservative treatment in the form of rehabilitation, shoe inserts,
walking restrictions, non-steroidal anti-inflammatory drugs, and weight loss reduction
over a period of 3-6 months [1,5,7,8,19].
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The study inclusion criteria were age between 7 and 14 years, symptomatic flexible
flatfoot, failure of conservative treatment, arthroereisis with a Spherus talar screw (Gruppo
Bioimpianti S.R.L., Milan, Italy), Figure 1, a follow-up period of at least 14 months, informed
consent, available and complete medical and radiological records, available and complete
functional assessments records (activity questionnaires, pain visual analog scale [VAS]
scores, ankle range of motion), no history of lower limb injury, the absence of synostoses in
radiographic images, and no neurological comorbidities.

Figure 1. Radiographic images after pes planovalgus correction with a Spherus screw.

The exclusion criteria were ages under 7 years and over 14 years, history of lower
limb injury, radiographic evidence of synostosis in the foot or the ankle joint, neurological
comorbidities, a follow-up period of less than 14 months, incomplete medical, radiographic,
or functional assessment records. All patients and their legal guardians were informed of
the voluntary nature of their participation. The study, which was conducted in accordance
with the Declaration of Helsinki, had been approved by an ethics committee.

In the period from the year 2021 to 2022, there were 35 arthroereisis procedures with
the use of a Spherus talar screw conducted at our clinic. Application of the inclusion and
exclusion criteria yielded 27 patients (11 females, 16 males), at a mean age of 10.5 years
(7-14 years) who were ultimately included in the study.

Patients with foot dorsiflexion limited to 5-10 degrees [13,14,18] underwent simulta-
neous Achilles tendon lengthening (Z-plasty). There were 10 such patients (37%). Each
surgery was performed by one of two experienced orthopedic surgeons. The patients were
operated on in a supine position, under tourniquet-induced ischemia of the treated lower
limb. A small, 1-2-cm-long, incision was performed distal and slightly anterior to the
tip of the lateral malleolus, and close to the sinus tarsi. Anteroposterior (AP) and lateral
radiographs were performed intraoperatively to determine the appropriate location for
implant insertion. Depending on patient’s age, body weight, foot size, and prior experience
of the operator, the diameter of the selected screw was either 6.5 mm or 8 mm, and screw
length ranged from 25 mm to 40 mm. With the patient’s foot in maximum supination,
the Spherus screw was inserted into the inferior surface of the talus from the direction
of the sinus tarsi, while being monitored via intraoperative AP and lateral radiography.
On an AP view, the course of the introduced Spherus screw was oblique and directed
superomedially, whereas, in a lateral view, the image of the screw overlapped with that
of the lateral malleolus. Immediately after surgery, the patients were allowed to walk
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while bearing full weight on the operated foot; however, in case of pain, the use of two
elbow crutches was recommended for up to 14 days following surgery. Six weeks after
surgery, the patients were allowed to resume physical activity fully, including sports. The
patients were followed-up radiographically at an orthopedic outpatient clinic six weeks
after surgery and every three months thereafter.

As part of the study, we assessed the level of physical activity (including sports) based
on the 6-point University of California, Los Angeles (UCLA) activity scale [24], a 10-point
level-of-activity VAS scale [25], and a 6-point Grimby physical activity scale [26]. Pain was
assessed based on a 10-point VAS pain scale; foot function was assessed with the revised
Foot Function Index (FFI-R) [27]; and ankle joint mobility was measured manually with a
goniometer. Dorsiflexion, plantar flexion, adduction, and abduction at the ankle joint were
assessed both in the operated and non-operated limb, with the results expressed in degrees.
These assessments were conducted both prior to surgery and at a long-term follow-up visit.

Statistical Analysis

Data were statistically analyzed using Statistica 13.1. The Shapiro-Wilk test was used
to check for normality of distribution. The Mann—Whitney U test was used to compare
quantitative variables. The level of statistical significance was set at p < 0.05.

3. Results

The mean follow-up period was 18 months (1426 months). Detailed results of the
physical activity, functional, and range-of-motion assessments have been presented in
Tables 1 and 2. We observed improvements in the UCLA activity scale scores from a mean
score of 4.78 prior to surgery to a mean score of 6.05 at follow-up, p = 0.045; see Table 1.

Table 1. Detailed functional assessment of patients before and after surgery.

Analyzed Variable Before Treatment After Treatment p Value *
(Mean =+ Standard Deviation)

UCLA scale 4.78 +2.25 6.05 + 1.61 0.045
Gimbry scale 3.26 +1.59 394 +1.17 0.14
VAS Activity Scale 5.47 + 2.89 7 +2.05 0.048
VAS pain scale 4.73 +3.51 2.73 £3.28 0.047
FFI-R scale 140 + 61.28 97.75 + 28.53 0.017
Dorsiflexion OL [degree] 22 +8.44 2533 £6.77 0.316
Plantar flexion OL [degree] 30.7 £9.21 3291 +£11.22 0.623
adduction OL [degree] 219 +9.74 23.5+7.46 0.667
abduction OL [degree] 18.6 £9.92 17.83 £ 6.72 0.831
Dorsiflexion NOL [degree] 36.25 + 8.53 29 + 13.41 0.381
Plantar flexion NOL [degree] 37 +14.58 49 +19.49 0.342
adduction NOL [degree] 28.5 + 6.24 25 4+ 3.53 0.32
abduction NOL [degree] 28.5 + 12.61 22 +10.36 0.422

* U Mann-Whitney Test; OL—operated limb, NOL—non-operated limb.

Grimby activity scores showed an increase in physical activity from 3.26 prior to
treatment to 3.94 at long-term follow-up; however, the difference was not statistically
significant; see Table 1. There was a significant improvement in VAS-measured physical
activity scores from a mean preoperative score of 5.47 to 7 at follow-up, p = 0.048, Table 1.
Pain levels also showed improvement, decreasing from a mean VAS score of 4.73 prior
to surgery to a mean score of 2.73 at follow-up; the difference was statistically significant,
p =0.047; see Table 1.

The functional scores assessed with the FFI-R scale also showed significant improve-
ment from a mean score of 140 points prior to surgery to 97.75 points at follow-up, p = 0.017;
see Table 1, Figure 2.
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Table 2. Detailed range of motion of patients before and after treatment.

Analyzed Variable (Mean = Standard Deviation) p Value
before treatment
OL NOL
Dorsiflexion [degree] 22 4+ 8.44 36.25 + 8.53 0.047
plantar flexion [degree] 30.7 £9.21 37 4+ 14.58 0.343
abduction [degree] 18.6 £9.92 28.5 + 12.61 0.142
adduction [degree] 21.9 £9.74 28.5 + 6.24 0.238
after treatment
OL NOL
Dorsiflexion [degree] 25.33 £ 6.77 29 + 13.41 0.457
plantar flexion [degree] 3291 +£11.22 49 +19.49 0.086
abduction [degree] 17.83 £ 6.72 22 +10.36 0.335
adduction [degree] 23.5 +7.46 25 4+ 3.53 0.677
OL—operated limb, NOL—non-operated limb.
o .
m ]
O Average

' ' T Average=0.95 CI
before treatment after treatment

Figure 2. Preoperative and postoperative scores FFI-R scale scores values.

Dorsiflexion increased, though non-significantly, from a mean of 22° prior to surgery
to a mean of 25.33° at follow-up; see Table 1. Comparison of the preoperative and follow-up
values of the range of plantar flexion, adduction, and abduction in the operated limb also
showed no significant changes in those individual parameters; see Table 1.

Importantly, the mean values of dorsiflexion, plantar flexion, adduction, and abduction
at the ankle joint at follow-up, compared individually between the operated and non-
operated foot, showed no statistically significant differences; see Table 2.

4. Discussion

The aim of our study was to assess whether the use of a talar screw for arthroereisis
would improve functional parameters of the foot in symptomatic pes planovalgus. We
observed improvement in the UCLA and VAS physical activity scores following treatment.
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There was also improvement in the FFI-R scores at follow-up and the VAS showed pain
reduction following treatment, with no postoperative decrease in the range of motion at
the ankle joint. The obtained results support our initial hypothesis.

Arthroereisis, which is used in the treatment of symptomatic pes planovalgus, is
minimally invasive, inexpensive, produces few complications, and ensures high rates of
patient satisfaction [1,2,4-9,15,17,19]. The implants used for arthroereisis mechanically
limit foot pronation and improve proprioception, which helps achieve the correction of
pes planovalgus deformity [1-3,5]. The effects on proprioception induce changes in the
interactions between muscles and ligaments [1-3,12,13].

To date, there has been no consensus among orthopedic surgeons regarding which type
of arthroereisis implants to choose in patients with symptomatic pes planovalgus [1,2,5,7,8].
In our previous study, we assessed the short-term and medium-term radiological and clini-
cal results of using the Spherus talar screw for arthroereisis, and observed improvements
in radiological parameters and good clinical treatment outcomes [22]. There have been no
earlier studies assessing foot function, ankle range of motion, pain severity, and physical
activity levels in patients after arthroereisis with a talar screw.

In our previous study we assessed short-term and medium-term radiological and
clinical arthroereisis outcomes achieved with a talar Spherus screw in the same group of
patients included in the current study [22]. We reported radiological improvement and
good clinical outcomes [22].

Martinelli et al. assessed the level of sport activities in 49 patients following arthroerei-
sis [5]. Twelve months after surgery, all patients returned to physical activity; however,
the authors reported no improvement in the level of sport activities following treatment in
comparison with the preoperative data [5]. The patients from our study group showed im-
proved levels of physical activity following treatment. Arthroereisis allows for immediate
full weight bearing and a rapid return to previous levels of physical and sport activities [5].
An increased level of sport activity, which may improve the emotional status of patients
after treatment, is one of the goals of surgery [4,5]. To date, there have been no studies
aiming to assess the levels of physical and sport activity with the UCLA activity scale,
VAS, and Grimby sport activity scale after arthroereisis. Our group of patients showed
significant postoperative improvement in the level of physical activity in terms of both VAS
and UCLA activity scale scores, which indicated good treatment outcomes. An increase in
physical and sport activity after surgery in our study population may be due to reduced
pain and decreased deformity [5,13].

The main purpose of arthroereisis is to reduce pain [5,7,8,10,12,13]. Memeo reported
postoperative pain in 15.8% of patients after arthroereisis with the use of a calcaneal screw,
and in 5.5% of patients after arthroereisis with the use of a sinus tarsi spacer, and the mean
VAS pain score was 7.4-7.8 [12]. In our study, we observed a significant postoperative
reduction in pain, which is a good outcome. Pain after arthroereisis may be associated with
selection of an inappropriate implant size [4,12].

Vogt et al. assessed 73 patients after various arthroereisis procedures with the use of
various implant types [1]. Those authors reported improvement in the FFI from a mean of
36.4 prior to surgery to 22.8 after surgery [1]. In our study, we also observed a significant
improvement in FFI-R scores after treatment, which may indicate that arthroereisis with
the use of a talar screw yields improvement in foot function.

Our study group showed no significant differences between the operated and non-
operated limb in mean degrees of postoperative dorsiflexion, plantar flexion, adduction, or
abduction at the ankle joint. Nor were there significant differences between the preoperative
and postoperative ranges of motion at the ankle joint. The exception was the pre-operatively
larger range of dorsiflexion in the unoperated limb (36.25°) compared to the operated limb
(22°), p = 0.047. All joint range of motion measurements before and after surgery were
performed in the same way by the same investigators. These results indicate good ranges
of motion after treatment with a talar screw. Unlike wedge osteotomy and arthrodesis
procedures, arthroereisis is a reversible treatment method that helps keep some range
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of motion at the subtalar joint [1]. On the other hand, sinus tarsi implants may cause
fibular muscle contractures in 3-10% of patients [1]. In addition, Retana reported limited
movement at the subtalar joint following the use of a calcaneal screw [13]. In our group
of patients, we observed no cases of fibular muscle contracture, which may have been
responsible for the lack of range of motion limitations at the ankle joint following treatment.
The use of the Spherus screw facilitates early rehabilitation and bearing full weight on the
treated limb, which may help improve the range of motion. Some of the other authors use
cast immobilization for six weeks after surgery [13,14], which may also limit the ankle’s
range of motion.

Thirty-seven percent of our study group underwent simultaneous Achilles tendon
lengthening. Other authors also reported performing additional procedures in 17-100% of
patients undergoing arthroereisis [1,3,7,9-14,16-18]. Those additional procedures had no
effect on either clinical or radiological outcomes [10,14].

In our group, none of the patients had the screw removed.

The use of a talar screw allows for other foot or ankle surgeries to be performed in
the future. Tendon lengthening or transfer, osteotomy, or arthrodesis procedures may be
performed without limitations.

The limitations of our study are the relatively short follow-up period and a relatively
small sample size. Both are due to a prospective nature of the study, limited number of
patients with indications for arthroereisis, our eagerness to present an evaluation of the
novel type of implants, and the limited capacity for orthopedic surgery procedures at our
hospital. However, other authors also reported a similar follow-up period [6,14,19]. On the
other hand, according to Hagen, the return of foot function occurs within four weeks after
arthroereisis [19]. Some authors analyzed the results based on study populations of similar
size [6,9,14,16,19]. Another limitation of our study is the lack of a control group, which is
the result of the prospective nature of this study; however, other authors also conducted
studies without a control group [1,3,5,6,12-19].

The strengths of our study include its prospective nature, identical rehabilitation
protocol, and the surgeries being conducted by one of only two orthopedic surgeons. Some
studies on arthroereisis are retrospective [1,3-7,12-15,18]. In the future, we are planning a
similar study in a larger group of patients and with a longer follow-up period.

5. Conclusions

The use of a talar screw in the treatment of symptomatic pes planovalgus helps reduce
pain and improve functional outcomes after treatment.

Foot function assessments showed diminished pain, improved levels of physical and
sport activity, and no effect on the range of motion after surgery in comparison with
preoperative data.

Arthroereisis with a talar screw is a valid surgical technique for the treatment of
symptomatic pes planovalgus.
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Abstract

Background Pes planovalgus is one of the most common pediatric skeletal deformities. There have been no studies to analyze
in detail the spatiotemporal variables of gait following arthroereisis.

Purpose of the study The purpose of our study was to assess gait parameters in patients with symptomatic flexible flatfoot
following treatment with the talus screw.

Methods This was a prospective study assessing the 22 patients treated surgically due to symptomatic flexible flatfoot
with the talus screw. Patients underwent gait assessment with a G-Sensor. We analyzed the following gait parameters: gait
cycle duration, step length, support phase duration, swing phase duration, double support duration, single support duration,
cadence, velocity, step length.

Results The post-operative gait parameter assessment for the operated and non-operated foot showed a significant difference
only in terms of step length. Cadence increased from the pre-operative mean of 82.29 steps/min to a post-operative mean of
102.94 steps/min. Gait velocity increased significantly from 0.81 m/s before to 0.96 m/s after surgery.

Discussion Arthroereisis with the talus screw helps improve gait parameters following surgery. Post-operatively, we observed
increased gait velocity and cadence and decreased gait cycle duration in the operated limb.

Conclusion Short-term biomechanical outcomes of pes planovalgus treatment with the talus screw are good.

Keywords Gait - Pes planovalgus - Subtalar arthroereisis - Spherus screw - Talus screw

Introduction exercise, limping, and other gait abnormalities [1, 2, 5-7, 10,

11, 13-15, 17-24].

Pes planus or planovalgus, also known as flexible flatfoot,
is one of the most common pediatric skeletal deformities
[1-24]. Asymptomatic cases do not require treatment. Flat-
foot symptoms include pain, problems with footwear, limited
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If conservative treatment is ineffective, symptomatic
cases can be managed via various surgical techniques
reported in the literature, including expandable sinus tarsi
implants (subtalar arthroereisis), calcaneal stop screws, bone
grafts, tendon lengthening, tendon transfer, talar or calcaneal
osteotomy, and arthrodesis [1-24]. The talus screw (Gruppo
Bioimpianti S.R.L., Milan, Italy) has been developed for
surgical correction of pes planovalgus. There are only two
publications available, by the authors of this manuscript, that
evaluate the clinical and radiological parameters of Spherus
screw insertion into the talus to achieve arthroereisis [25,
26]. Such screw placement offers a large contact area and
support for its base on the floor and walls of the sinus tarsi.

The treatment goals in symptomatic flexible pes planoval-
gus patients include functional improvement, pain reduction,
normalized foot position, and gait improvement [2, 5-10, 12,
16, 18-24]. Evaluation of musculoskeletal abnormalities,
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such as pes planovalgus, includes biomechanical and gait
parameter assessments as well as radiographic and clinical
examinations [2, 7, 11, 12, 14, 18, 19, 22, 27-31]. Anatomi-
cal correction improves joint mobility and2 reduces pain,
which improves gait following treatment [2, 18, 19]. The use
of a G-Sensor ensures repeatable, objective, and accurate
gait parameter assessments [27-29].

Selected gait parameters have been evaluated follow-
ing surgical treatment of flexible flatfoot with expandable
implant insertion into the sinus tarsi [19], and implant inser-
tion into the calcaneus [11, 12, 19]. Hagen et al. analyzed
static and gait parameters in patients following arthroereisis
with calcaneal screw implantation [11]. Franz et al. used a
pedobarographic platform to assess gait following a calca-
neal stop procedure involving calcaneal screw insertion into
the sinus tarsi [12]. Vogt et al. evaluated pedobarogrphic
parameters of gait in patients following arthroereisis with
expandable calcaneal implants and screws [19].

It is still not fully understood how arthroereisis affects
gait after surgery. There have been no studies to analyze
in detail the spatiotemporal variables of gait following
arthroereisis.

We hypothesized that surgical treatment of sympto-
matic flexible flatfoot with the use of the talus screw would
improve gait parameters.

In light of a lack of literature on this subject, the purpose
of our study was to assess gait parameters in patients with
symptomatic flexible flatfoot following treatment with the
talus screw.

Patients and Methods

This was a prospective study assessing the patients treated
surgically due to symptomatic flexible flatfoot. All patients
underwent arthroereisis in the absence of improvement
after 612 months of non-surgical treatment (rehabilitation,
exercise, NSAIDs, shoe inserts). Our study inclusion criteria
were symptomatic flexible pes planovalgus with pain, failure
of conservative management, age 7-14 years at the time of
surgery, arthroereisis with the Spherus talus screw (Gruppo
Bioimpianti S.R.L., Milan, Italy), written consent, complete
medical and radiographic records, and a follow-up period of
over 14 months. Symptomatic flexible pes planovalgus was
confirmed on the basis of anamnesis, clinical and radiologi-
cal examination. The exclusion criteria were any additional
lower limb pathologies, history of foot surgery, neurologi-
cal conditions, the presence of synostosis, foot injuries,
incomplete medical or radiographic records, a lack of writ-
ten consent, and a follow-up period of less than 14 months.
The study had been approved by the local bioethics com-
mittee and was conducted in accordance with the Declara-
tion of Helsinki. All patients and their legal guardians were

@ Springer

informed of the voluntary nature of study participation.
Twenty-four arthroereisis procedures were conducted with
the use of the Spherus screw; Fig. 1. Applying the inclusion
and exclusion criteria left 22 pes planovalgus patients to
be evaluated post-operatively. The study group comprised 8
females and 14 males aged 7-14 years.

All procedures were performed by two experienced ortho-
pedic surgeons (co-authors of the article). The procedures
were performed under general anesthesia and regional hemo-
stasis, achieved with a thigh tourniquet. The patients were
in a supine position. An oblique 1-2 cm incision, which
corresponded to skin tension lines, was made on the lateral
aspect of the foot, somewhat distal and anterior to the tip
of the lateral malleolus, at the level of the sinus tarsi. After
cutting through the subcutaneous tissue, the surgeons dis-
sected away the soft tissues of the sinus tarsi, to expose the
inferior surface of the talus. With the foot held at the right
angle and maximally inverted, as ensured via fluoroscopy,
a pilot hole for the screw was created in the inferior sur-
face of the talus with a straight awl being directed obliquely,
proximally and medially. Once the pilot hole was created,
the right screw was selected, with its length and diameter
dependent on the size of the patient’s talus, the length of the
foot, and age. With the patient’s foot held steadily at a right
angle and maximally inverted, the screw was inserted into
the prepared pilot hole, starting from the inferior surface
of the talus. The screw was advanced, under fluoroscopy,
until the desired degree of correction was achieved, with
the spherical bulge of the screw protruding toward the sinus

Fig. 1 AP radiographic images, 8 months after pes planovalgus cor-
rection with the talus screw, male, 12 years old
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tarsi and resting against its floor and walls. Achilles tendon
lengthening (Z plasty) was performed in eight patients as a
concomitant procedure. The indication for Achilles tendon
lengthening was a dorsiflexion of less than 5°-10° in the
neutral position of the foot [1, 2, 5, 14, 15, 18]. Following
surgery, full3 weight-bearing was allowed on day one after
surgery, provided no pain was felt. If there was pain on walk-
ing, the patient used elbow crutches for 5-14 days. In cases
of concomitant Achilles tendon lengthening, the limb was
immobilized in a short leg cast for 6 weeks. For 6 weeks fol-
lowing surgery, the patients were discouraged from strenu-
ous exercise and sports [7, 11]. The uniform rehabilitation
protocol for all patients was started on the first day after
surgery, in patients without Achilles tendon lengthening, and
6 weeks after surgery, in the group of patients with concomi-
tant Achilles tendon lengthening.

Patients underwent gait assessment with a G-Sensor prior
to surgery and after a minimum of 14 months after surgery.
The G-Sensor is a wireless system with an inertial sensor
placed on the patient’s body, Fig. 2. The system is composed
of a triaxial accelerometer, magnetic sensor, triaxial gyro-
scope, and G-studio software to analyze the data obtained
from the sensor in real time. The G-Sensor is used for objec-
tive, accurate, and repeatable gait assessment [27-29]. The
G-Sensor is suitable for assessing gait and physical activity,
as shown by the coefficient of variation between instruments
2.5% and analyses of the inter-instrument correlation coef-
ficient from 0.90 to 0.99 [32-34]. The obtained data, which
illustrate all the phases of the gait cycle, help objectively
assess the patient’s gait and detect possible gait deviations
[27-29].

In this study we analyzed the following gait parameters:

gait cycle duration (s),

step length (%),

support phase duration (%),
swing phase duration (%),

Fig.2 The G-Sensor placed on the patient’s body

double support duration (%),
single support duration (%),
cadence (steps/min),
velocity (m/s),

step length (m).

The G-Sensor was placed at the level of the L4-L5
intervertebral disc. The patients walked barefoot at their nor-
mal speed along a distance of 5 m, turning back and forth.
All patients were assessed in the same room, with the same
device. The data collected from the device were processed
with G-studio software (BTS Bioengineering, Quincy, MA,
USA); exported to a Microsoft Excel spreadsheet, and ana-
lyzed. The pre-operative and post-operative data and the data
from the operated and non-operated foot were compared.

Statistical Analysis

Data were statistically analyzed using the Statistica 13.1.
The Shapiro—Wilk test was used to check for normality of
distribution. The student's t-test was used to compare quan-
titative variables. The level of statistical significance was
set at p<0.05.

Results

The mean follow-up period was 15.5 months (ranging from
14 to 18 months).

A comparison of the pre-operative gait parameters for
the operated and non-operated foot showed no differences
in terms of gait cycle duration, step length, support phase
duration, swing phase duration, double support duration, or
single support duration; Table 1.

The post-operative gait parameter assessment for the
operated and non-operated foot showed a significant differ-
ence only in terms of step length (p =0.047); Table 2; Fig. 3.
There were no post-operative differences between the two

Table 1 Spatio-temporal parameters of gait before treatment

Analyzed variable OL NOL p value*
Mean =+ standard deviation

Gait cycle duration (s) 1.54+0.23 1.54+0.27 0.957

Step length (%) 49.07+4.91 51.58+4.08 0.114

58.45+6.97 59.67+5.38 0.57
41.54+6.97 40.31+5.37 0.568
9.47+3.14 9.69+2.62 0.868
39.49+5.57 41.41+7.42 0.401
10.23+1.21 10.11+1.26 0.783

support phase duration (%)
Swing phase duration (%)
Double support duration (%)
Single support duration (%)
Steps analyzed

OL operated limb, NOL non-operated limb
“Student's ¢-test
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Table 2 Spatio-temporal

; Analyzed variable OL NOL p value*
parameters of gait after ) -
treatment Mean =+ standard deviation
Gait cycle duration (s) 1.24+0.24 1.21+0.21 0.749
Step length (%) 48.84+3.74 51.15+£3.74 0.047
Support phase duration (%) 55.58+11.66 59.08 +3.85 0.188
Swing phase duration (%) 42.11+3.15 40.91+3.85 0.27
Double support duration (%) 9.25+2.81 8.25+2.21 0.194
Single support duration (%) 40.61 +4.24 41.53+2.69 0.388
Steps analyzed 10.45+1.89 10.59+1.84 0.810008740662566
OL operated limb, NOL non-operated limb
*Student's #-test
Fig.3 Post-operative step 54
length for the operated and non-
operated limb
51 g
& -
g 50
3 1
w2
49 + L
48 r
47 + —
46 o Average

feet in gait cycle duration, support phase duration, swing
phase duration, double support duration, or single support
duration; Table 2.

Cadence increased from the pre-operative mean of 82.29
steps/min to a post-operative mean of 102.94 steps/min,
p <0.001); Table 3; Fig. 4. Gait velocity increased sig-
nificantly from 0.81 m/s before to 0.96 m/s after surgery,
(p=0.046); Table 3; Fig. 5. Step length showed no change
when the pre-operative and post-operative values were com-
pared; Table 3.

We observed a significant reduction in post-operative gait
cycle duration in the operated limb (1.24 s) in comparison
with the pre-operative value (1.54 s), (p <0.001); Table 4.
The pre-operative and post-operative gait cycle duration

@ Springer

Operated limb

Non-operated limb T Average=0.95 CI

Table 3 Selected gait parameters before and after surgery

Analyzed variable Before surgery  After surgery p value*
Mean + standard deviation

Cadence (steps/min)  82.29+13.59 102.94+14.09 <0.001

Velocity (m/s) 0.81+0.21 0.96+0.24 0.046

Step length (m) 0.63+0.14 0.57+0.11 0.185

Analysis duration (s)  48.72+10.51 39.29+9.51 0.005

“Student's #-test
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Fig.4 Pre-operative and post- 115
operative cadence

90

Cadence (steps/mun)

(=]
w

80

O Average
After surgery Before surgery T Average =0.95CI

Fig.5 Gait velocity before after 1,10
surgery _

0.90

Velocity (m/'s)

085}

O Average
After surgery Before surgery T Average =0.95CI

differed for the non-operated limb (p < 0.001); Table 4. The Discussion

other evaluated gait parameters showed no statistically sig-

nificant differences between the operated and non—operated In our study’ we assessed gait parameters before and after

limbs either before or after surgery; Table 4. surgical treatment of symptomatic pes planovalgus. We
observed improved gait parameters following pes plano-
valgus treatment with the talus screw, which supports our

@ Springer
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Table 4 Detailed gait
parameters before and after
surgery

Analyzed variable Before surgery After surgery p value*
Mean + standard deviation
Gait cycle duration OL (s) 1.54+0.23 1.24+0.24 <0.001
Step length OL (%) 49.07+4.91 48.84+3.74 0.873
Support phase duration OL (%) 58.45+£6.97 55.58+11.66 0.375
Swing phase duration OL (%) 41.54+6.97 42.11£3.15 0.741
Double support duration OL (%) 9.47+4.14 9.25+2.81 0.845
Single support duration OL (%) 39.49+5.57 40.61+4.24 0.486
Steps analyzed OL 10.23+1.21 10.45+1.89 0.679
Gait cycle duration NOL (s) 1.54+0.27 1.21+0.21 <0.001
Step length NOL (%) 59.67+5.38 59.08 £3.85 0.689
Support phase duration NOL (%) 40.31+£5.37 40.91+3.85 0.686
Swing phase duration NOL (%) 9.69+3.62 8.25+2.22 0.131
Double support duration NOL (%) 41.41+7.42 41.53+2.69 0.941
Single support duration NOL (%) 51.58 +4.08 51.15+3.74 0.734
Steps analyzed NOL 10.11+1.28 10.59+1.84 0.371

OL operated limb, NOL non-operated limb

“Student's #-test

research hypothesis. We observed post-operative increase
in gait velocity and cadence values; a reduced gait cycle
duration in the operated limb, in comparison with the pre-
operative value.

Symptomatic pes planovalgus is a common reason for
orthopedic consultations, with various techniques for surgi-
cal treatment for this deformity reported in the literature
[1-24]. Treatment methods include expandable sinus tarsi
implants (subtalar arthroereisis), calcaneal stop screws, bone
grafts, tendon lengthening, tendon transfer, talar or calca-
neal osteotomy, and arthrodesis (permanent stiffening of the
joint) [1-24]. Osteotomies and arthrodesis are used in ado-
lescents and adults;. they involve significant intervention and
are irreversible. Removable implants inserted to block the
sinus tarsi or implants inserted into the calcaneal bone (sub-
talar arthroereisis) are minimally invasive, but they may be
displaced, which causes pain and the need for re-operation.

The lack of adequate tension of soft tissues and greater
laxity of ligaments and muscles may result in an incorrect
spatial configuration of the foot and the development of
symptomatic pes planovalgus in children. The deformity
referred to as pes planovalgus encompasses forefoot supi-
nation and abduction resulting from excessive subtalar joint
eversion, hindfoot varus, a flattened longitudinal arch, and
Achilles tendon and calf muscle contracture, with all of these
pathologies potentially negatively affecting gait biomechan-
ics [7, 12-15, 17, 18]. Anthropometric dynamic, isokinetic,
and kinematic measurements help precisely differentiate
between a normal foot and a flat foot [7]. Analysis of bio-
mechanical and gait parameters is an important component
of evaluating the outcomes of foot deformity correction [2,
7,11, 12, 14, 18-20, 22, 27-31].

@ Springer

Unlike other implants designed for surgical correction of
pes planovalgus, the Spherus screw is to be inserted into the
talus. The advantage of this screw placement is the support
for the screw base and its large area of contact with the floor
and walls of the sinus tarsi. The Spherus screw stabilizes
the talus by distributing the weight of the body onto a larger
area, at the same time reducing the risk of screw migration
into the talus and its penetration into the calcaneus. In light
of the lack of available reports on the outcomes of inserting
talar screws, such as the Spherus screw, from the direction
of the sinus tarsi in the treatment of symptomatic pes plano-
valgus, we decided to address this subject with our study.

Martinelli et al. posited that since pes planovalgus is asso-
ciated with abnormal kinetics and kinematics in comparison
with those in normal feet, it is important to assess kinematic
parameters after arthroereisis [13]. The gait of patients with
pes planovalgus is characterized by the following abnormali-
ties a plantar-flexed ankle during foot landing, increased foot
dorsiflexion during terminal stance, foot eversion throughout
the stance phase, early activation of the peroneus longus
and the gastrosoleus complex during heel strike [7]. These
pathologies in patients with pes planovalgus reduce push-
off force and load absorption ability [7]. Dynamic analysis
of biomechanical parameters showed that arthroereisis may
change foot function within several months after6 operation
[11, 12, 18]. Hagen et al. evaluated static and gait parameters
in 7 patients 3-28 days after arthroereisis with calcaneal
screw implantation [11]. During bipedal stance, the plan-
tar force increased in lateral areas and decreased in medial
areas of the foot [11]. Those authors also observed a lateral
shift in the center of gravity and a lateral shift in the contact
area [11]. Franz et al. reported a load shift from the medial
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to the lateral mid- and forefoot after arthroereisis [12]. Six
months after arthroereisis, there was a reduced forefoot load
and a hindfoot overload, in comparison with the healthy
controls [12]. Vogt et al. assessed pedobarographic gait
parameters in patients after arthroereisis with expandable
sinus tarsi implants or calcaneus stop screws [19]. Those
authors reported a post-operative reduction in the medial
midfoot contact area, arch index, and medial forefoot peak
pressure [19]. In a systematic review Smith et al. reported
improved kinematic and pedobarographic parameters fol-
lowing arthroereisis procedures [20]. Vescio et al. in their
systematic review stated that some authors observed an
improved post-operative ground-reaction-force in the form
of increased ground-force in the lateral areas of the foot, in
comparison with pre-operative data. However, other authors
noted no differences in the post-operative ground-reaction-
force in comparison with the pre-operative data [22]. In
comparison with osteotomy and arthrodesis, arthroereisis
requires a shorter immobilization period and a shorter period
of reduced weight-bearing, which may result in less range-
of-motion limitation and better gait parameters [2]. Arthro-
ereisis increases the foot range of motion, reduces ankle—foot
pronation during gait, increases foot stability in single leg
stance, and normalizes the load absorption capacity [18]. All
of these aspects of post-operative lower limb biomechanics
analysis after pes planovalgus correction were performed
with various measuring devices. Therefore a strict compari-
son of the results is not possible.

Gieysztor et al. assessed the gain of healthy children with
the use of a G-Sensor [27]. The support phase duration,
swing phase duration, double support duration, single sup-
port duration, cadence, and velocity reported by Gieysztor
[27] were comparable with the respective values measured
in our study. This indicates normalization of gait parameters
following the use of the Spherus screw in pes planovalgus
treatment. Gait during normal child development should be
symmetrical for normal skeletal biomechanics [27, 29-31].
In our study, most gait parameters, except for step length,
were symmetrical post-operatively, which suggests good
treatment outcomes.

Our study results show improvement in the assessed gait
parameters, which may indicate normalized foot anatomy,
increased range of motion, and reduced pain following
pes planovalgus treatment with the talus screw. The group
of patients evaluated in our study showed post-operative
increase in gait velocity and cadence values, in compari-
son with the respective pre-operative values. We observed
a reduced gait cycle duration in the operated limb, in com-
parison with the pre-operative value. These results indicate
a positive effect of treatment on lower limb biomechanics.

Following treatment with the talus screw, post-operative
full weight-bearing was allowed from the first post-operative
day. However, some other surgical techniques are associated

with 2-8 weeks of reduced weight-bearing and 2-8 weeks of
immobilization in a cast [3, 5, 13—15]. We believe that the
lack of cast immobilization and the possibility of walking
with full weight-bearing from the first day after surgery with
the talus screw also have a positive effect on gait parameters.

Some authors performed other procedures within the foot
and ankle joint in addition to arthroereisis [1-3, 8, 10, 12,
14, 15, 18, 19]. The most common procedure, performed in
17%-100% of patients, was Achilles tendon and gastrocne-
mius lengthening [1-3, 5, 10, 12, 14, 15, 18, 19]. Achilles
tendon and gastrocnemius muscle contracture often accom-
pany flexible flatfoot. We believe that the presence of Achil-
les tendon contracture, requires tendon lengthening. In our
study, 33% of patients underwent Achilles tendon lengthen-
ing due to tendon contracture. Literature reports indicate that
the use of a concomitant surgical procedure has no effect on
radiographic or clinical outcomes following subtalar arthro-
ereisis [15, 16].

The purpose of pes panovalgus treatment is to improve
gait as well as clinical and functional7 parameters. In our
study, we observed post-operative improvement in gait
parameters after talus screw placement, which indicates
good treatment outcomes.

One limitation of our study was the relatively small sam-
ple size, which is due to the fact that we aimed to perform
a prospective gait assessment. Arthroereisis is not a very

mmon pr re and, therefore, the number of patients i
limited. Other authors also evaluated similar-sized groups
of patients [1, 5, 8, 10, 15, 17]. Another limitation of our
study is the relatively short follow-up; however, as evidenced
by other studies, most patients have normal foot function 4
weeks after arthroereisis [11]. Moreover, some studies had
a follow-up period duration comparable to that in our study
[11, 15, 17, 19]. We did not assess the effects of the body
mass index (BMI) or sex on gait parameters; however, few
authors analyze these variables, and the available reports
indicate no effect of either sex or BMI on gait parameters
[25]. The strengths of our study include its prospective
nature, while some earlier studies had been retrospective
[1,2,5,8,13,15,17, 19], only two experienced orthopedic
surgeons being involved in surgeries, the use of an objective
and accurate measuring device (G-Sensor), and a uniform
rehabilitation protocol for all patients. In the future, we are
planning a study on the use of the talus screw in a larger
group of patients and with a longer follow-up period for
post-operative gait parameters.

In our research, we provided new findings on the detailed
analysis of gait parameters after arthroeresis with the use of
the talus screw. Like other authors [11, 19], we also believe
that gait assessment ensures an objective, radiation-free
method for dynamic evaluation of the outcomes follow-
ing pes planovalgus surgery. The use of a G-Sensor offers
a graphic record of gait parameter improvement following

@ Springer
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pes planovalgus treatment, which makes it easier to present
surgical treatment outcomes to the patients and their parents.
Gait analysis is an important component of treatment out-
comes for surgeons, rehabilitation specialists, and patients
and their parents. The results of our study can be crucial in
the decision-making process involved in qualifying patients
with pes planovalgus for surgical treatment.

Conclusions

The use of a G-Sensor helps assess dynamic gait parameters
and perform follow-up assessments following sinus tarsi
implant insertion (subtalar arthroereisis).

Arthroereisis with the talus screw helps improve gait
parameters following surgery.

Post-operatively, we observed increased gait velocity and
cadence and decreased gait cycle duration in the operated
limb.

Short-term biomechanical outcomes of pes planovalgus
treatment with the talus screw are good.
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